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Velocity cross-slope angle (angle between total horizontal velocity 
vector and principal slope direction) 
Crushing force in main s t rut  
Crushing force in support strut  
Landing gear diameter 
Lunar gravity 
Vertical spring constant per  leg 
Radius of gyration in pitch 
Height of the center of gravity 
Vehicle mass 
Nuinlser of cases which tumble 
Number of cases  in sample 
Nuinber 01 legs 
Sa nip1 e p r  obab i 1 i ty of stab 1 e 1 sliding 
Lower coilfidence limit on probalsility of stable landing for binomial 
popul ati on 
Radius f rom vehicle's centerline to main s t rut  attachment point 
Nondiinens ional 
Nondi mens ional 
Total horizontal 




DEFINITION OF SYMBOLS (Concluded) 
Symbol Definition 
Component of horizontal velocity in the direction of principal slope 
vh 
V Vertical velocity 
V 
V 
Component of horizontal velocity perpendicular to direction of 
principal slope Z 
Distance from bottom of vehicle to main s t rut  attachment point 
Distance from landing gear foot pads to bottom of vehicle 





a ,  p , y 




Vehicle's pitch angle referenced to the horizontal 
Initial pitch angle with respect to lunar surface 
$ 0  Vehicle's initial heading orientation with respect to principal slope 
direction 
$ 03 Equivalent heading orientation for three-legged vehicle 
@ 04 Equivalent heading orientation for  four-legged vehicle 
(7 Standard deviation for normal distribution 
v Degrees of freedom for chi-square distribution 
w Angular velocity 
$0 Initial bank angle 
vi 
MONTE CARLO APPROACH TO TOUCHDOWN 
DYNAM I C s  FOR SOFT LUNAR LANDING 
SUMMARY 
Results of analytical touchdown dynamics investigations are presented 
which were conducted to obtain estimates of the probability of stable landing for 
configurations with various landing gear diameters. Both three-legged and four- 
legged vehicles are considered in the analysis. Dynamic scaling considerations 
are taken into account so that the results are applicable to a wide range of 
vehicle size and mass.  A Monte Carlo approach is taken in the determination 
of initial landing conditions. 
Results indicate that for a given probability of stable landing, a three- 
legged vehicle requires a landing gear diameter only slightly larger than the 
diameter required for a four-legged vehicle. Therefore the three-legged 
vehicle's landing gear should weigh less.  
I NTROD UCT I ON 
In the overall design and performance of spacecraft intended to soft-land 
on the moon, analysis of touchdown dynamics motion is an important part. Such 
analysis in the past has been restricted to specific missions and vehicles designed 
for those missions such as Surveyor (ref. i) , Lunar Excursion Module (ref. 2) , 
Lunar Flying Vehicle (ref. 3) , and Lunar Logistics System (ref.  4) . In general, 
the analysis for each vehicle has not been a complete parametric study over a 
wide range of initial conditions, but rather a limited study with emphasis on what 
the vehicle can do under the worst set of conditions. The parametric approach is 
not feasible because of the large number of parameters involved. For  example, 
if  a parametric study of a particular vehicle is considered with only three 
variations of ten initial touchdown conditions, a total of three to the tenth power, 
o r  59,049 combinations, is produced. 
Presented in this report  are results of a general touchdown dynamics 
study in which a Monte Carlo approach is taken to the determination of initial 
conditions. This approach is more realistic than simply choosing the worst-case 
conditions and does not require the prohibitive amount of analysis which a 
I 
parametric approach would require. The vehicle configurations used are 
determined in a standardized forin, and the results are equally applicable to the 
Lunar Flying Vehicle, Lunar Excursion Module, o r  Lunar Logistics System, even 
though these vehicles vary greatly in size and mass.  
Initial conditions have been determined using a' Monte Carlo approach for 
400 cases. 
ters: vertical velocity, horizontal velocity, velocity cross-slope angle, vehicle 
pitch, bank, and heading angles, lunar slope, and the vehicle's pitch, roll, and 
yaw rates at touchdown. The coefficient of friction between the landing pads and 
lunar surface is assumed to be infinite (no sliding). Eight generalized vehicles 
are analyzed for these 400 cases to determine whether o r  not the vehicle being 
considered lands safely o r  tumbles. The eight vehicles considered correspond 
to three-legged and four-legged vehicles with four variations in the ratio of 
landing gear diameter to center-of-gravity height. From these results, an 
estimate is made of the probability of stable landing on the lunar maria for each 
of the eight vehicles. 
For  each case, the initial conditions were determined for 10 parame- 
The author is indebted to M r .  John D. Capps, Computation Laboratory, 
who programmed the equations for the three-dimensional touchdown dynamics 
digital program as well as the program used in the determination of initial 
conditions. 
VEHICLE CHARACTERISTICS 
The Lunar Flying Vehicle (LFV) is a small vehicle which has received 
consideration for lunar surface exploration after the initial Apollo landings. 
Primary emphasis has been placed upon a vehicle having an 80-kilometer 
maximum range when carrying a payload of two men with their portable life 
support systems. 
rescue back to the Lunar Excursion Module (LEM) from a disabled surface 
roving vehicle. A secondary mission was that of supplementing the roving 
vehicle by permitting flights into areas which a r e  inaccessible to a roving vehicle 
The primary mission for such a vehicle was considered to be 
The Lunar Logistics System (LLS) is a large cargo-carrying vehicle 
which has received study as a means of delivering 15-ton payloads to the moon in 
support of a lunar base. 
Even though the three spacecraft (LFV, LEM, LLS) vary greatly in size 
and mass, all three vehicles can be reduced to approximately the same nondimen- 
sional geometry as shown in Table I. As a result of this, three standard vehicles 
(I, II, and III) have been established which are representative of the LFV, LEM, 
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and LLS size vehicles. The standardized dimensions are shown in Table 2. The 
radius of gyration about the bank (roll)  axis is assumed equal to that shown for 
pitch. The radius of gyration in yaw (about the vehicle's centerline) is taken to 
be 0 .9  times the pitch value. Having standardized the three vehicles, all touch- 
down dynamics calculations performed for Vehicle I can be made applicable 
through dynamic scaling factors to Vehicle II and Vehicle Et. 
Eight vehicles are considered, as shown in Figure I, corresponding to 
four values of the 'ratio of landing gear diameter to center-of-gravity height. Both 
three-legged and four-legged vehicles are considered even though the LFV, LEM, 
and LLS have all received major emphasis as four-legged vehicles. A major 
purpose of this study, however, is to obtain estimates of the relative probability 
of stable landing with three-legged vehicles compared to four-legged vehicles. 
Although the diameter--c. g. height ratios for LFV, LEM, and LLS vary from 
2.50 to 3.25 (Table I ) ,  the values chosen for this generalized study vary from 
2.0  to 3.0. The large landing gear diameter designed for the LLS was based 
upon very severe initial conditions which are believed to be overly conservative, 
resulting in an excessively heavy landing gear. 
The spring rates assumed for the vehicles of this study (Fig. 2 )  are the 
equivalent vertical spring rates per leg when landing on a level, high-friction 
surface with no sliding of the foot pads. These vertical spring rates were 
obtained by assuming an elastic spring rate (7005 N/cm o r  4000 lb/ in for 
Vehicle I) along the three s t ruts  of an inverted tripodal leg. As  seen, the 
vertical spring rate decreases as the landing gear diameter increases, negating 
somewhat the beneficial result of the larger  landing gear diameters. The spring 
rates assumed for the LLS size vehicle (Type 111) are rather large and may be 
very difficult to obtain. 
similarity. The result6 of this study may therefore be somewhat optimistic for 
this larger vehicle because of the high stiffness assumed. On the other hand, 
the assumed spring rate for Vehicle I (LFV) is probably low so  that the results 
obtained may be somewhat pessimistic. Previous study (ref.  5) has shown that 
decreasing stiffness has a detrimental effect on landing stability. 
These spring rates are required to satisfy dynamic 
The force-stroke relationship in each strut  is shown in Figure 3. Upon 
Further stroking takes place with a constant 
Further re-extension of 
compression, each strut is assumed to compress elastically until the limiting 
force in compression is reached. 
stroking force assumed. As  the strut  begins to re-extend, the stored elastic 
energy is released until the strut force reaches zero. 
the strut  takes place under zero load o r  free-return conditions. No limiting 
force in tension is assumed. 
in tension as used in compression. The limiting force is assumed to represent 
the crushing force of aluminum honeycomb energy absorbers in the struts. Upon 
subsequent stroking, the strut shortens under zero load as long as it is still in the 
free-return stroking region. 
The same spring constant is assumed for the strut 
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The limiting force o r  crushing force values for  the eight vehicles were 
determined so that the deceleration load factor is limited to 3 . 0  earth g's when 
the vehicle lands on a level, high friction surface on all legs simultaneously. This 
load factor appears to be a good choice from previous study (ref. 6 ) .  If the chosen 
load factor is too high, a landing gear designed for such loads is too heavy. If the 
load factor is too low, excessive stroking is required to absorb the landing energy, 
thus increasing the strut length required and landing gear weight. 
considered to be an inverted tripodal arrangement of one main strut and two lower 
support struts. The limiting force of each support s t rut  is considered to be one- 
third of the main s t rut  limiting force. This relationship is believed to be a good 
choice. based upon previous analysis (ref. 7) . The limiting forces obtained for  the 
eight vehicles are shown in Table 3.  These values correspond to the forces for 
Vehicle I (LFV) . Corresponding forces for the larger  vehicles a r e  increased by 
the dynamic similarity force factors given in Table 4. 
Each leg is 
The mass of Vehicle I (LFV) is considered to be 453 .59  kg (earth weight 
The mass ratios given in Table 4 can be used to obtain the of 4448 N o r  1000 lb) . 
mass of the larger  vehicles. 
IN IT IAL CONDITIONS 
Initial conditions have been obtained using a Monte Carlo approach which 
randomly selects values from zero to one and relates these values to the initial 
conditions sought through the distribution functions that have been established for 
the initial variables. Determining a reasonable distribution function for each of 
the variables of interest is the most questionable par t  of the entire study because 
of the lack of data. However, one value of this study may be that of helping to 
point out the need for detailed and realistic statistical information concerning 
initial touchdown conditions. 
Various simulations have been performed (refs. 8- 13) which have yielded 
some information on the conditions at touchdown for  lunar landing. All of these 
simulations have been conducted with varying degrees of realism relative to 
instrumentation and control response, pilot training, test objectives, pilot motiva- 
tion, and other factors. Results must be viewed with some degree of caution since 
they may not realistically simulate an actual vehicle with well trained and 
motivated pilots. Future efforts, it is hoped, will provide more realistic informa- 
tion on touchdown conditions through the use of the Lunar Landing Research Facility 
(ref. 14) and also the free flight Lunar Landing Vehicle (ref. 1 5 ) .  
As far as the vertical and horizontal components of touchdown velocity are 
concerned, it is reasonable to expect that the vast  majority of cases of actual 
landings with well motivated pilots will be very soft landings with low touchdown 
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velocities. The simulations reported by Hill (ref. 9) show that the vertical 
descent rate is less than I. 2 m / s  (4  fps) for 90 percent of the cases. The forward 
velocity at touchdown was also reported as less  than 0.6 m/ s (2 fps) for 90 per- 
cent of the cases.  The simulation results reported by Wood and Post (ref. 12) 
indicate more severe landing velocities. About 35 percent of the time the pilots 
failed to land within the design envelope of 3 . 0  m / s  (10 fps) vertical velocity, 
and 1 . 5  m / s  ( 5  fps) horizontal velocity. It was concluded that this large failure 
rate can be attributed not only to difficulty of the task, but also to the training 
level of the pilots and limitations in the simulation. It was believed that greater 
pilot experience, and improvements in displays and display precision will reduce 
such failures considerably in future studies. 
It is expected that the frequency functions of the vertical and horizontal 
velocity components should have some tail-off toward higher velocities to represent 
more severe cases. The frequency function chosen as a reasonable representation 
of the vertical and horizontal velocity components is given in Figure 4. 
function corresponds to the chi-square frequency function with three degrees of 
freedom. Appropriate choices for  multiplication constants convert the values of 
the variable x to the vertical and horizontal velocities. 
This 
Concerning the lunar slope expected in maria regions of the moon, it is 
expected that the vast majority of landings will be on low sloped terrain with only 
a small percent of the landings on rougher terrain.  It may well be argued that 
manned landings on rough, highly sloped terrain will never take place. However, 
for the small LFV exploration system, some landings may well be on steeper 
slopes because of the desire to land near interesting geological and topological 
features. In addition, if lunar dust somewhat clouds the pilot's vision during the 
final phase of landing, it is possible that one o r  more pads may impact on a 
protuberance o r  into a depression which would increase the effective landing slope. 
In addition, the pad-surface interaction during impact may well serve to increase 
the effective landing slope. Experimental evidence (refs. IG- 17) indicates that 
the bearing strength of the soil is not the sole criterion for penetration. There is 
a tendency for the downhill pads to penetrate the soil more deeply than the uphill 
pads during a landing, and thus increase the effective landing slope. Considering 
these factors, it is assumed that the frequency function shown in Figure 4 is also 
a reasonable approximation of the effective slope to be encountered upon landing. 
Mason and colleagues (ref. 18) have established a similar highly skewed frequency 
function for a representative lunar surface profile from 20 100-kilometer traverses.  
Their work was performed to establish a baseline for determining lunar roving 
vehicle requirements. An appropriate choice of a multiplication factor converts 
the variable x in Figure 4 into the effective lunar slope. 
The distribution (cumulative frequency) function, shown in Figure 5, is 
used in the Monte Carlo approach to obtain vertical and horizontal velocity compo- 
nents and the effective lunar slope. The values given in Table 5 have been obtained 
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f rom this distribution function by use of appropriate multiplication constants. 
multiplication constants were chosen on the basis of the values emphasized in 
Table 5. For  example, McCauley indicates (ref. 19) that, in the 1-10 meter 
scale, the median slope of the maria is about 5 degrees. 
distribution, 20 percent of the maria has a slope of about 2 degrees o r  less, 
80 percent is within 10 degrees, and 1 percent is 24 degrees o r  more. 
The 
Thus, with the assumed 
For  the LEM size (Type II) vehicle, it is assumed that 99.865 percent of 
the landings will have a vertical velocity of 3.048 m / s  (10 fps) o r  less, and a 
horizontal velocity of 1.524 m / s  ( 5  as) o r  less.  Thus, with the assumed 
distribution, 90 percent of the landings have a vertical velocity of 1. 188 m / s  
(3.90 fps) o r  less,  and a horizontal velocity of 0.594 m / s  (1.95 fps) o r  less .  
While the values were based upon the LEM design values of 10 fps and 5 fps 
(ref. 12) , the 90 percentile values also correspond quite well with the simulation 
results of Hill (ref. 9) .  Thus, it is considered that the LEM size vehicle (Type 
11) will land 50 percent of the time with a vertical velocity of 0.448 m / s  ( 1.47 fps) 
o r  less,  with a horizontal velocity of 0.224 m / s  (0.735 fps) o r  less.  
For  the results to be equally applicable to the LFV size (Type I) vehicle 
and the LLS size (Type 111) vehicle, the velocities (also shown in Table 5) were 
adjusted by dynamic scaling considerations. 
90 percent of the landings for the LLS (Type 111) vehicle will be with a vertical 
velocity of I. 638 m / s  (5.374 fps) o r  less.  
assumed that 90 percent of the landings will occur with a vertical velocity of 
0.706 m / s  (2 .32  fps) o r  less.  
For  example, it is assumed that 
For  the LFV (Type I) vehicle, it is 
The dynamic scaling factors given in Table 4 show that, for dynamic 
similarity, the velocity is scaled as the square root of the vehicle's linear dimen- 
sion when landing in the same gravity field. 
landing velocities can be tolerated. While this indicates that the larger vehicles 
may be easier  to land, this table also shows that the spring rate for dynamic 
similarity is proportional to the mass and inversely proportional to the linear 
dimension when landing in the same gravity field. 
to some power of the linear dimension, higher spring rates are required for the 
larger vehicles for dynamic similarity. 
Thus, for larger vehicles, larger 
Thus, since the mass increases 
The horizontal velocity is assumed to be controlled as far as possible to be 
Therefore, it is considered that the direction of the horizontal velocity zero. 
vector at touchdown with respect to the principal slope direction has an equal 
probability of being in any direction. 
advantage to having a horizontal velocity of sufficient magnitude to guarantee an 
uphill landing rather than a smaller residual component that may be in the 
downhill direction. The assumption of trying to land at zero horizontal velocity, 
however, should certainly be applicable to unmanned vehicles such as the LLS o r  
an unmanned LEM used as a LEM truck. It is also assumed that the vehicle's 
Further study of this problem may show an 
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geometric heading orientation with respect to the principal slope direction has an 
equal probability of being in any direction. 
unmanned vehicles and also to manned vehicles where vision impairment due to 
lunar dust might make the determination of the direction of principal slope 
difficult. Under clear vision, the pilot would probably orientate the vehicle's 
heading to align in a 1-2-1 orientation to the slope for improved stability. 
This assumption is applicable to 
The pitch and bank angles at touchdown, referenced to the horizontal, are 
Likewise, the vehicle's assumed to follow a normal distribution with zero mean. 
angular rates in pitch, roll, and yaw are also assumed to' follow the same distribu- 
tion. The normal distribution with zero mean and standard deviation of one is 
shown in Figure 6 .  Appropriate multiplication constants convert the x variable 
to angles and angular rates. The standard deviation for pitch and bank angles is 
considered to be 2 degrees and is applicable for Vehicles I, 11, and 111. The 
standard deviation of pitch, roll, and yaw rates is taken to be I. 60 degrees per  
second for the Type 11 (LEM size)  vehicle. Past simulation studies show that 
these are reasonable assumptions. For  dynamic similarity, the corresponding 
standard deviation of angular rate is taken to be 2.70 degrees per second for the 
Type I (LFV) vehicle and I. i G  degrees per second for the Type I11 (LLS) 
vehicle. 
The 10 variables of vertical velocity, horizontal velocity, lunar slope, 
cross-slope angle, heading angle, bank angle, pitch angle, pitch rate, roll rate, 
and yaw rate are assumed to be uncorrelated. 
The Monte Carlo procedure for obtaining the initial conditions can be 
summarized in the following manner. A set of values for 400 cases is obtained 
where each case consists of obtaining 10 pseudo-random numbers from a 
previously developed digital random number generator subroutine for a rectangular 
frequency function (ref .  2 0 ) .  These numbers a r e  equal to o r  greater than zero 
and equal to o r  less than one. These 10 random numbers, RN, through RNlo, are 
then used as F (xi) through F (xio) to obtain the values for xi through xio from 
Table 6 .  
This table was obtained from values tabulated by Abramowitz and Stegun 
(ref. 21). Linear interpolation is used to obtain the values of x1 to xi0. The 
initial conditions are then computed: 
Vht = 0.0605 X i  
v = 0.121 x2 
V 
I 1111 I Ill I II II 111111111.111111111111.1.11111111 I 1  1111.1111 1.111111111111-1 -,I m .. .- 
I 
y = 2.113 x3 (5) 
CSA = 360 ~4 (6)  
V h = V  cosCSA 
V = - Vht sin CSA 
ht 
Z 
w = 2.7 X8 
X 
w = 2 . 7 x 9  
Y 
The values were obtained corresponding to the Type I (LFV) vehicle for 
convenience in performing touchdown dynamics computations since the time 
required to obtain the touchdown motion is less .  A computing interval of 0.002 
sec was used in performing the touchdown dynamics computations. The same 
results could have been obtained with the larger  vehicles in the. same computation 
time by increasing the computing interval by the appropriate time factors given in 
Table 4. Tabulation of the initial conditions for the 400 cases  is given in 
Appendix A. 
A random number confidence test was performed to judge the adequacy of 
the pseudo-random numbers generated by the digital subroutine. The results are 
given in Appendix B. Four thousand random numbers were generated corresponding 
to 400 cases with 10 random numbers in each case, RN, through RNio, used to 
obtain the 10 initial conditions. Therefore, 400 values were obtained for each of 
the 10 random numbers RN, through RN,,. The range fr0.m zero to one was 
divided into 10 intervals so that these 400 values would have an expected frequency 
of 40 in each interval. The observed frequencies were obtained and the chi-square 
value obtained. These chi-square values should follow a chi-square distribution 
with 9 degrees of freedom. Therefore, the value of chi-square could be expected 
to exceed 12.2 (ref. 21) for 20 percent of the cases,  o r  for 2 of the 10 random 
numbers. None of the random numbers have a chi-square value which exceeds 
the 12.2 value. Therefore, the values generated by the random number subroutine 
are adequate. 
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TOUCHDOWN DYNAMICS PROGRAM 
The touchdown dynamics program used for this study corresponds to a 
three-dimensional method programmed for  digital computer operations. The 
method was developed as a simplified version of the landing dynamics method of 
analysis for  the LEM described by Mantus, Lerner, and Elkins (ref. 22).  This 
simplified version is restricted to landings on a plane sloping surface without 
protuberances o r  depressions and without sliding of the landing pads along the 
surface. The surface and body axes orientation used is shown in Figure 7. 
velocity cross-slope angle is the angle f rom the principal slope direction to the 
total horizontal velocity vector. The vehicle's heading angle defines the orientation 
of the vehicle's landing pads. 
orientation for a four-legged vehicle and to a 1-2 pad orientation for a three-legged 
vehicle. Heading angles of +45 degrees correspond to a 2-2 pad orientation for 
the four-legged vehicle. Heading angles of 160 degrees correspond to a 2-1 pad 
orientation for the three-legged vehicle. These various orientations are shown in 
Figure 8. 
The 
Zero heading angle corresponds to a 1-2-1 pad 
As  previously stated, the initial heading orientation has been taken to have 
equal probability of being in any direction (360 degrees) .  However, as far as the 
touchdown dynamics program is concerned, 0, 90, 180, 270, and 360 degrees 
heading orientation is still a 1-2- 1 orientation for a four-legged vehicle. 
Similarly, 0, 120, 240, and 360 degrees heading orientation is still a 1-2 orienta- 
tion for a three-legged vehicle. Consequently, the initial heading angle obtained 
from the Monte Carlo analysis has been converted to an equivalent heading within 
+45 degrees for the four-legged vehicle and within +60 degrees for the three-legged 
vehicle for input into the touchdown dynamics program. Thus: 
and 
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$ = qj - 240, 180 < $ 0 5 300 
These equivalent heading angles for the 400 cases are also tabulated in Appendix A. 
Each run begins with the vehicle's lowest pad just touching the surface. 
Strokes and forces along the struts are computed with subsequent determination 
of forces and moments referred to the body axes. The moments are used to 
obtain the angular accelerations about the body axes and are integrated numeri- 
cally to obtain the angular velocities about the body axes. The rate of change of 
the angles 8, Q, and $I a r e  then computed from expressions containing the 
angular velocities about the body axes. The angular accelerations of g, 4, % are  
then obtained by equations derived from differentiating the equations for 8, d ,  6. 
The angles 8, +, and $I a r e  obtained by numerical integration using the computed 
rates and angular accelerations for these angles. The forces computed a r e  
converted to forces along the inertial (surface) axes and the vehicle's transla- 
tional accelerations obtained. These accelerations a r e  integrated numerically 
to obtain the velocity and position of the vehicle's center of gravity. 
coinputations are repeated at each time step until sufficient time has elapsed to 
determine whether o r  not the vehicle tumbles o r  is stable. 
The 
As  long as a pad is off the surface, it travels along with the vehicle. Upon 
reaching the surface, the pad remains at its impact position until the forces on the 
pad normal to the surface become negative. The negative force is set  to zero and 
the pad then lifts from the surface and again travels along with the vehicIe until it 
impacts the surface again. 
Examples of stability boundaries which have been obtained by this pro- o-rani 
are shown in Figures 9 and 10. 
the lunar slope versus the vehicle's heading angle for a three-legged vehicle. 
Figure 10 gives corresponding results for a four-legged vehicle. A s  seen from 
Figure 9, stable landings can be made on lunar slopes from G degrees to 18 
degrees depending upon the vehicle's heading orientation with respect to the 
principal slope direction. For  the four-legged vehicle (Fig. 10) , stable landings 
can be made on slopes from 10 degrees to about 18 degrees. 
does not correspond to 45 degrees heading (2-2 orientation) but rather to a heading 
angle of about 30 degrees for this case. The impact velocity values shown 
correspond to the small (Type I) vehicle. 




. With the three-legged vehicle having the smallest landing gear (Vehicle i) , 
the 400 cases were reviewed to determine by inspection which cases were more 
likely to tumble. Most of the cases are obviously stable because of the small 
touchdown velocities, combined with small surface slopes. Three of the cases 
were considered to obviously tumble because of the surface slope being greater 
than 24 degrees. Touchdown dynamics motion was then computed for 45 cases 
which were believed to have a substantial probability of tumbling. Of these, 14 
cases did result in tumbling motion. 
Based upon these results, touchdown motion was computed for an addi- 
tional 34 cases which were believed to be stable, but with a substantial degree of 
uncertainty. Of these, three cases tumbled. Finally, an additional nine cases 
were chosen which were thought definitely would be stable but lacked the high 
degree of certainty desired. Of these, none tumbled. Based upon these results, 
a final review was made of the remaining cases with the conclusion that all would 
certainly be stable. Therefore, for Vehicle i, 20 cases of the 400 correspond to 
tumbling cases.  
A summary of the cases used for the touchdown dynamics computations 
for Vehicle i is given in Table 7. It is observed that tumbling resulted for 
Case 43 with a lunar slope of only 6.9 degrees while Case 332, with a lunar slope 
of 19.2 degrees, was stable. While the lunar slope is a very important parameter 
to consider in touchdown dynamics analysis, other initial conditions are also 
obviously important. Case 43 corresponds to a near 1-2 landing orientation with 
a relatively high vertical impact velocity, while Case 332 corresponds to a near 
2-1 orientation with a small impact velocity. 
Touchdown dynamics motion was then computed using Vehicle 2 for the 20 
cases which were prev'iously determined as tumbling cases.  All stable cases for 
Vehicle i would also be stable cases for Vehicle 2 since nothing is changed except 
the landing gear diameter, which is larger.  Of these 20 cases, ii cases tumbled 
including the 3 cases considered obvious for Vehicle i. 
Touchdown motion was then computed using Vehicle 3 for  the li  cases 
which tumbled when using Vehicle 2. Of these, four cases  tumbled. 
Touchdown motion was then computed using Vehicle 4 for  the four cases  
which tumbled when using Vehicle 3. Of these, none tumbled. 
A similar analysis was performed for the four-legged vehicles. Vehicle 5 
was used and touchdown dynamics was computed for  25 cases which were thought 
to have a substantial probability of tumbling. Of these, i l  cases tumbled. 
Computations were then performed for 32 additional cases which were believed to 
be stable, but with a substantial degree of uncertainty. Of these, three cases 
tumbled. Finally, an additional 14 cases were considered which were thought 
definitely would be stable but lacked the high degree of certainty desired. Of 
these, none tumbled. Three cases (with a slope of over 24 degrees) were 
considered to be obviously tumbling cases. Therefore, for Vehicle 5, 17 of 
the 400 cases correspond to tumbling cases. 
A summary of the cases used for touchdown dynamics calculations for 
Vehicle 5 is given in Table 8. No case tumbled corresponding to a lunar slope of 
less  than 15.5 degrees, while no case was stable with a slope greater than 19.3 
degrees. This is a slope spread of only 3.8 degrees compared to a slope spread 
of 12.3 degrees for  the corresponding three-legged vehicle (Vehicle I) . While 7 
cases tumbled for Vehicle I with a lunar slope of less than 15.5 degrees, only 13 
cases tumbled with lunar slopes of 15.5 degrees o r  more compared to the 17 
cases for Vehicle 5. These results indicate that a relatively well defined critical 
slope can be established for four-legged vehicles compared to three-legged 
vehicles. 
The vehicle with the next largest diameter (Vehicle 6) was then considered. 
Touchdown motion was computed for  the 17 cases with the result that 7 cases 
tumbled including the 3 cases  considered obvious for  Vehicle 5. These seven 
cases were then considered using Vehicle 7 with the result  that three cases 
tumbled. Finally, these three cases were considered using Vehicle 8 with the 
result that none tumbled. The cases corresponding to tumbling motion are 
summarized in Table 9. 
A summary of the sample probabilities for  stable landing is given in 
Table 10. The sample probability of stable landing varies f rom 0.950 for the 
three-legged vehicle with the smallest landing gear to I. 000 for the vehicles with 
the largest landing gear. The lower limit probability for  stable landing with 0.95 
and 0.995 confidence coefficients for  the binomial population has been taken from 
published tables (ref. 23) based upon the sample size of 400. These results are 
given in Table 11. The table also shows the lower limit probability for stable 
landing based upon an approximate equation given by Dalton (ref. 24) . This 
equation is 
where 
6 = o for nf = 0 
12 
6 = i for nf # 0. 
This equation is seen to give a very good approximation of the results for the 
binomial population. 
The lower limit probability for stable landing for  the binomial population 
with a confidence coefficient of 0 . 9 9 5  is shown in Figure 11. Since neither 
Vehicle 4 nor Vehicle 8 had any cases which tumbled, touchdown dynamics runs 
were also made for an additional three-legged vehicle and an additional four- 
legged vehicle with a diameter-c. g. height ratio of 2.75 .  The three-legged 
vehicle tumbled for Case 317. This case has the highest lunar slope ( 2 8 . 2  
degrees) of the 400-case sample and the vehicle lands in a near 1-2 orientation. 
The resulting probability for stable landing for this vehicle is also shown in 
Figure 11. The four-legged vehicle tumbled for Case 129 and also for Case 317. 
Case 129 has the second highest lunar slope ( 2 7 . 3  degrees) of the 400-case 
sample. The resulting probability for stable landing is also shown in Figure 1 1 . 
The probability values for the three-legged vehicles vary in a smooth 
manner, whereas the values for the four-legged vehicles a re  somewhat erratic.  
At a diameter-c. g. height ratio of 2.75,  the probability of stable landing for the 
four-legged vehicle is less  than for  the three-legged vehicle based upon the 400- 
case sample. It is believed that this result would not be obtained if the sample 
size were increased by an order of magnitude. Similarly, a t  a diameter-c. g. 
height ratio of 2.25,  the probability of stable landing for the four-legged vehicle 
appears to be somewhat high. Consequently, the curve shown in Figure 11 for 
the four-legged vehicles has been faired in a manner to remove the errat ic  
nature of the data points. 
The results indicate that, for a given probability of stable landing, a 
three-legged vehicle requires a landing gear diameter only slightly larger than 
the diameter required for a four-legged vehicle. Since each leg is folded for 
flight to the moon and must be deployed before landing, the reliability of landing 
gear deployment should be greater for a three-legged vehicle. With only three 
landing pads to contact the surface, there is less  chance of contacting a 
protuberance o r  depression. A three-legged vehicle assures  a more positive 
final resting support, whereas a four-legged vehicle may tend to rock back and 
forth. With only a slightly larger  diameter required, the three-legged vehicle's 
landing gear should weigh less. . ' 
George C. Marshall Space Flight Center, 
National Aeronautics and Space Administration, 
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Vehicle I ,  N=3, D / L = 2 . 0  Vehicle 5 ,  N=4, D/L=Z.O 
Vehicle 2 ,  N= 3, D/L= 2.25 Vehicle 6 ,  N=4, D/L=2,25 
Vehicle 3,  N=3, D / L = 2 . 5  Vehicle 7, N=4, D/L=2.5  
Vehicle 4, N=3,  D /L=3 .0  Vehicle 8 ,  N=4,  DlLt3.0 
FIGURE I. VEHICLE CONFIGURATIONS 
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FIGURE 8. SYMMETRIC HEADING ORIENTATIONS 
Lunar Slope, y , deg 
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FIGURE 9. STABILITY BOUNDARY FOR VEHICLE 3 
itmar Slope, y,  deg CSA = SO', V,= 1.8 m/sec, vht = 0.9 m/sec 
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FIGURE 10. STABILITY BOUNDARY FOR VEHICLE 7 















FIGURE 11. LOWER LIMIT PROBABILITY OF STABLE LANDING 
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TABLE I. GEOMETRIC PROPERTIES OF LFV, LEM, AND LLS 
-~ _ _  - ~ -  _ _  -- - 
Y P r kz Vehicle D L 
cm (in) cm (in) cm (in) cm (in) cm (in) cm (in) 
279 (110)  1 1 2  (44) 7 4  (29)  30 (12 )  56 (22)  58 (23 )  L: 8 1 3  (320)  320 (126)  170  (67)  119 (47)  208 (82)  1 6 5  (65)  
1966  (774)  6 0 5  (238)  381 (150)  1 8 0  (71)  330 (130)  259 (102)  LLS 
k / L  
LFV 2. 50 0. 66 0. 27 0. 50 0. 52 
LEM 2. 5 4  0 . 5 3  0 . 3 7  0. 6 5  0. 52 
LLS 3. 25 0. 6 3  0. 30 0 . 5 5  0 . 4 3  
Z 
Vehicle D l  L Y a l  L Yp/ L r / L  
~~ - -  - 
TABLE 2.  GEOMETRIC PROPERTIES OF VEHICLES I, 11, AND 111 
- - . - - - -. .. _ -  - -. &_ 
Vehicle Type Yal L Yp/L r / L  kz/ L 
I LFV 0. 61 0. 31 0.  57 0. 48 
I1 LEM 0. 61 0. 31 0. 57 0. 48 
111 LLS 0. 61 0. 31 0 . 5 7  0 . 4 8  
Z 
r k 
cm (in) cm (in) 
I LFV 68 (27)  3 5  (14)  6 4  (25)  5 4  (21)  
T m e  Ya yP Vehicle 
cm (in) cm (in) 
I1 LEM 1 9 5  (77)  99 (39 )  1 8 2  (72)  1 5 3  (60 )  
I11 LLS 369 (145)  188  (74 )  3 4 5  (136)  290 (114)  I 











‘“‘lb N lb N / c m  lb/in 
csP D / L  
N 
2 . 0 0  3576 8 04  1192  268 8756  5000 
2. 2 5  3897 8 7 6  1299 292 7 4 2 5  4240 
2. 50 421 8 948 1406  316 6252 3570 
3 . 0 0  4977 1119  1659  373  4588 2620 
2 . 0 0  268 2 6 0 3  8 9 4  201 8 7 5 6  5000 
2. 25 2922 657 974  219 7425  4240 
2. 50 31 62 71 1 1 0 5 4  237 6252 3570 
3 . 0 0  3738 8 4 0  1246  280 4588 2620 
~ _. 
TABLE 4. DYNAMIC SCALING FACTORS 
Quantity 
Acce le ra t ion  . 
M a s s  
Length 
Angular  Acce le ra t ion  
T i m e  
Angular  Velocity 
Angle 
Veloci ty  
F o r c e  
M a s s  Densi ty  
Moment  of I n e r t i a  
S t r e s s  
Spr ing  Ra te  
~. - 
Vehicle  Type 
II LII 
1 . 0 0  1 .00  
14 .00  42 .00  
2.86 5 .41  
0. 35 0. 18 
1. 69 2. 33 
0.59 0 . 4 3  
1 . 0 0  1 .00  
1 . 6 9  2. 33 
14 .00  42.00 
0.60 0. 27 
115  1229 
1.71 1 . 4 4  
4 .90  7 .76  
I IIIII IIIIIII I1 I 
__ . - - 
9 9 . 8 6 5  99 .997  
1 6 . 0 2 2  21 .000  
0.  970  1. 27. 
1 .  939 2. 543 
3 3 . 9  4 4 . 4  
0 .  901 1 .  181 
1.  52.1;:: 1 .  99t 
2 . 1 0 0  2 .75:  
1 . 8 0 2  2. 362 
3. 048::: 3. 992 
4 .  200 5. 504 
TABLE 5. INITIAL CONDITIONS FROM CHI-SQUARE DISTRIBUTION 
IF (x) Yh 2 0 . 0 0 0  
X - 1 . 0 0 5  
- 
Vht - 0. 061  
- 0 . 1 2 2  
I 
Y d e g  2 . 1  
Vht, 
Vht , I I  
Vht,  111 m / s  0 . 1 3 3  
VV, I m / s  0 . 1 1 4  
Vv, 11 m / s  0 . 1 9 2  
I m / s  0 . 0 5 7  
m / s  0 . 0 9 6  
VI<, 111 m / s  0. 266 
5 0 . 0 0 0  
2. 366 
0 . 1 4 3  
0. 286 
5.0::: 
0.  1 3 3  







4 . 6 4 2  
0. 281 
0 .  562 
9 . 8  
0.  261 
0 . 4 4 2  
0 .  608 
0 .  522 
0 . 8 8 4  





0.  756  
13 .  2 
0 . 3 5 3  
0 . 5 9 4  
0 . 8 1 9  
0 . 7 0 6  
1.  188  
1. 638  
9 5 . 0 0 0  
7 . 8 1 5  
0 . 4 7 3  
0 . 9 4 6  
16 .  5 
0 .  441 
0 . 7 4 4  
1 .  0 2 4  
0 . 8 8 2  
1 . 4 8 8  
2 . 0 4 8  
::ValtLes used  to establish m u l t i p l i c a t i o n  c o n s t a n t s ,  
.. . . 
. .  
9 9 . 0 0 0  
1 1 .  341 
0 .686  
1 .  372 
24. 0 
0.  637 
1 .  078 
1 . 4 8 6  
1 .  274 
2. 1 5 6  
2 . 9 7 2  
-. - . . 
I 
TABLE 6. TABULATION O F  DISTRIBUTION FUNCTIONS 
Nor mal - Distribution 
(x = 0, cr = 1) 
























































Chi-Squar e Distribution 











































- -  - 
31 
TABLE 7. SUMMARY O F  TOUCHDOWN DYNAMICS RUNS FOR VEHICLE I 




























































y ,  deg. 
13.0 
10 .3  
11 .8  
14 .2  
15. 7 
6 . 9  
8 . 9  




1 1 . 5  
10.7 
1 0 . 3  
1 4 . 1  
11 .8  
23 .0  
16 .0  
15. 5 
19. 3 
10 .4  
9 . 1  
14. 9 
16.8 
16 .9  
1 1 . 3  
9.7 
1 1 . 3  
Group B 


























































y ,  deg. 
1 0 . 4  
12.7 
1 . 7  
10.0 
9.7 
12 .4  
8 . 4  
8 .0  
6 .8  
13. 4 
15 .0  
12 .4  
8 .8  
7 . 2  
8. 6 
9 . 5  
14. 8 
10.7 
13 .0  
1 2 . 1  
7 . 3  
13. 5 
14. 9 
6 . 9  
8 . 4  
1 5 . 3  




C a s e  Resul t  
13 S 
61 S 







-. Y, deg 
14.8 
9 .5  
8 . 4  
14. 3 
13 .9  
4 .9  
8 .0  
12.2 
8 . 3  
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TABLE 7 (CONTINUED) 






































y ,  deg. 
17.7 
14 .4  
16 .4  






















Resul t  y ,  deg. 
S 14.1 
T 12.5  
S 9 .5  
S 13. 3 
S 8.7 
S 6.7 
Group A: Cases  which w e r e  thought t o  have  a 
subs tan t ia l  probabi l i ty  of tumbling. 
Group B: Cases  which w e r e  believed, with 
subs tan t ia l  uncertainty,  would be 
s tab1 e. 
Group C: Cases  which w e r e  thought, with only E 
small d e g r e e  of uncertainty,  would 
b e  s tab le .  
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TABLE 8. SUMMARY OF TOUCHDOWN DYNAMICS RUNS FOR VEHICLE 5 
~~ - - - 
Group A Group B Group C 
C a s e  Resu l t  y ,  deg. - - -C a s e  Resul t  a C a s e  Resu l t  y ,  deg. - _ _ _  
1 4  S 14. 2 6 S 13.0 1 3  5 14.8 
39 S 15.7 9 S 11.8 64  5 12.4 
66 S 12 .8  4 3  S 6 . 9  87 5 11.5 
8 4  S 15. 5 46 S 8 . 9  100 5 14. 3 
157 T 23. 0 61 S 9 . 5  102 5 13.9 
173 T 15. 5 8 2  S 15. 3 118 5 10.7 





































14 .9  10 3 S 
16.8 123  S 
17.7 144 S 
8 . 8  158 S 
8 . 6  207 T 
12.1 21 2 S 
7 . 3  228 S 
17.7 234 S 
1 6 . 3  238 S 
17.0 270 S 
21.8 277 S 
20.6 288 S 
16. 5 291 S 
15. 4 294 T 
14. 1 307 S 
21.2 314 S 
18. 3 327 S 











14 .4  
9.7 
6 . 7  
15. 0 
12 .4  
7 .2  
1 6 . 4  
1 4 . 8  
13 .0  
14 .9  
19 .2  
8 . 3  
17.2 
15. 3 
148 5 11. 8 
275 5 13 .4  
303 5 9 . 5  
321 5 13. 5 
338 5 6 . 9  
389 5 10 .9  
396 5 13. 3 
Group A: C a s e s  which w e r e  
thought to have a 
substant ia l  p roba -  
' bili ty of tumbling 
Group B:  C a s e s  which w e r e  
believed, with sub-  
s tant ia l  uncertainty,  
would be s table  
S 14.0 
Group C :  C a s e s  which w e r e  
36 3 
369 5 1 2 . 5  thought, with only 
a s m a l l  deg ree  of 37 6 S 5 . 4  
uncertainty,  would 
379 S 14.7 be s t ab le  
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Case Vehic le  
4 5 6 .7 8 
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TABLE 10. SAMPLE PROBABILITY OF STABLE LANDING 
Vehicle  1 2 
- 
pS 0.9500 0 .9725  0 
1400 - nf) /400  
3 4 5 6 7 8 
9900 1 .0000 0 .9575  0 .9825 0 .9925 1 .0000 
_ -  - _ _  ~ . -  
TABLE 11. LOWER LIMIT PROBABILITY OF STABLE LANDING 
- 
C = 0 . 9 5 0  
Vehic le  1 2 
p (Ref 23) 0 .9282 0 .9549 
ps (Ref 24) 0 .9303 0 .9575 
S 
c = 0 .995  
3 4 5 6 
0 .9773 0 .9925  0 .9369 0 .9674  
0 .9787 0. 9925 0 .9394  0.9696 
7 8 
0. 9807 0. 992! 
0. 9817 0. 992t 
Vehicle 1 2 
ps (Ref 23) 0 .9149 0 .9439 
(Ref 24) 0 .9223 0 .9498 
? S  
3 4 5 6 
0 .9689 0.9868 0 .9243  0 .9577 
0 .9713 0.9868 0 .9314  0 .9620 
7 8 
0. 9728 0. 986E 
0 .9744 0. 9868 
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APPENDIX A 
TOUCHDOWN COND ITIONS 
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H O V T E  : A i i L l  l r T F i ' 4 l ~ 4 T l  1 Y  OF r O l l C H I 7 l ~ d  1 c ~ l ~ n l T 1 n w ~ . s P ~ u ~ ~ ~  L A V ~ ~ I E ~ , P ~ . I ~ G K A ~ H F R  CAPPS.JO  5 5 1 1 2 f l .  
\I k V I  T H F T I  G b M M A  PSI P H I  3 P H I  4 W X  WY M7 'JHT CASt V V  \IH S S A  P u l l 1  V V  
O F C  n t r , / s  W G / S  rl F C / S  1 " l S t C  "1. 3 A ?  3AP )El; D F G  I J / S F k :  l b / + F C  I I I I S E T :  D C G  !'E6 b t r ,  r k b  
i 0 . 1 2 4  11.041. l ' w . 7  ) o Y . ~ -  ~ - - 4 ' 5  . - ~ _ 5  2 5  1 . 1  1 . 8  -0.8 - 3 q . ~  2 9 . 2  0 . 4  7.0 - 7 . 1  1.6 
7 n.1311 , l . > h '  ( 1 5 . 4  > 0 9 . 8  6 . h  5 . 4  8 . 2  -11.6 n.f l  1;7--31~.7 -79.8- --2-.7 -:r.-fl - 4 . 7  Q.B - 
._ . ~ ~-~ ~ 
3 f l . 1 7 0  n . ' Y +  - 1 . n  1 5 0 . 4  h .6  1 n . h  - 1 . 3  -0.7 4.7 -2.0 - 9 . 6  - 9 . 6  1 . 7  3 . 2  1 . 8  10.6 
4 0.123 0 . U 7 '  (11.5 , 7 9 . 9  4 .5  3.3 - 1 . 3  ?.'I 5 . 7  - 0 . 5  30.T 0 .9  - 2 . 7  - 6 . 2  -1 .T- - -7 .5  
5 1 . 1 5 7  I 1 . U l I  7 5 . 9  (31 .3  4 2 . 3  0 . 6  - n . 2  1 . 4  ' I . ?  U . l  -28 .7  - 2 8 . 7  - 0 . 2  0 . 7  7 . 7  0.6 
6 n.321 n a n 7 7  7 ' 7 . 3  1 7 i . 7  1 4 . 3  7.1 1 . 8  5 . 7  1 c . n  O , , <  51.1 - 8 . 3  1 . 2  - n . 4  - 7 . 2  3 .7  
R n . 3 9 ~  n . ? q q  41 .7  / 7 2 . 1  1 4 . 7  1 . 7  - 1 9 . 7  ( 1 . 7  l f ' , T  - 1 . 3  ~ 3 2 . 1  2 . 1  1 .7 .  - 0 . 4  n . 9 -  10.8 
9 1 . 0 7 1  n. '15< 2 6 6 . ~  1 7 ? . 2  3 9 . 2  - 0 . 1  2 . 1  - 7 . u  1 . 1 . ~  3..5 5 7 . 2  -7 .8  O.h n.1 1 . 2  7 . 1  
1 4  0 . 1 1 5  f l . 4 4 a  4.1.9 2 1 7 . 3  4 . 2  1 0 . 6  - 1 7 . 5  1 . 4  c.n (1.1 -77.7 3 2 . 3  - 1 . 1  5 . 9  0.7 ' 1 6 . 4  
12 n . 1 5 0  n . 1 ~ 5  7 1 5 . 7  (53 .1  h .2  - 5 . 5  3 . 9  ' 1 . 5  7.7 - 0 , ~  - 7 . 9  - 7 . 9  n . l  - 3 . 8  -3.1 6 .8  
7 f l . 1 1 0  ' l . 5 l i  7'11.5 1 5 1 . 9  4 . 4  -R.7 7 . 4  Q . 6  1.R - U * 7  3 1 . 9  -28.1 1 . 9  1 .8  - 0 . 2  1 1 . 4  
11 lr.171 i l . I l J 1  132.R 3 7 . 2  6 .2  - 1 . n  - f i . ' j  5 . 5  1 . 4  4 .7  32.2 3 7 . 2  6 . 3  7 . 7  -n .5  1.1 
13 fl.111 f l .156 P ( d . 5  9 1 . 9  4 . 1  - 3 . n  4.9 Q.1 1d.R 0 . 4  - 2 8 . 1  1 . 9  4 . i  1 . 5  1 . 6  5 .7  
1 4  11.953 f l .1 '23 7 ' 1 . 2  ( 3 1 . 6  . 5 5 . 3  - 9 . 9  7 . 8  ?.> 1 4 . 7  1.1 - 2 9 . 4  -28 .4  - 1 . 9  Y.7 :7-.2 11.8- 
15 n . 3 5 9  0.15Q 1 6 3 . 9  151.2 13 .5  - 5 . 6  -1.6 '1.5 7.13 1.2 - 9 . 8  -8 .8 - 0 . 4  - 7 . 9  1 . 6  5 .8  
16 f l . 1 3 5  1 . 1 9 7  6 6 . 4  1511.5 3.R 7 . 9  - h . 5  1 . 1  l.R 0 . 7  "30.8 - 2 9 . 2  0 . 2  4 . 3  
~ - 7 1 8 ~ .  7-.i ~ 
17 n .357  Q . O : { R  7 ~ ~ . 9  911.3 1 3 . 3  n . 5  1.3 - 1 . 4  7 . 7  -0.5 - 7 9 . 7  n.3 - 0 . 0  -3.0 t n . 4  1 . 4  
i~ n.Rge (1 .577  1 1 1 . 3  169 .7  .12.5 - 7 . 7  - 1 9 . 7  - 7 . c  n . 9  - 2 . 4  4 9 . 7  - 1 0 . 3  -1.0 1 . 5  - 4 . 7  z 1 . 1  
19 n . 0 9 ~  n . 0 6 0  7 5 5 . 7  29.0 3 .6  - n . 7  2 . 4  -q . s  7.5 i , n  29 .0  29.0 - 3 . 3  1 . 2  5.1 - - ? . 5  20 0 . 1 5 7  f l .547  715.9 2 H . 2  5 . 6  1 7 . 7  '!.9 - 3 . 8  ".I - 2 . 1  7 H . 2  2 8 . 2  1 . 8  - 5 . 3  7 . 1  1 7 . 7  
2 2  0 . o 3 n  n.1197 qu .7  ah .?  3 . 3  n . 6  - 3 . 3  11.5 i q . 7  I..( -33.5 - 3 . 5  1.4 8 .5  - 7 . 7  . -  3 .4  
24  n .337  q . q 9 4  4.1 544.4 1 7 . 3  3 . 4  -5 .7  f l . 9  1 . 9  2 .4  -1.5.6 -15 .6  - 2  . 3  - 1 . 2  4 . 5  I .  
2 7  n . 7 2 5  n . 0 7 c , 7 1 9 . 5  54n.8 2 6 . 5  1 . 7  2.1 1.11 1 . 5  -1 .3 -19 .2  -19.2 - 3 . 3  - 0 . 8  -0.8 7 .7  
2 9  n .077  - -n.-Oo7 31.1 1 9 . 4  2 . 6  - 0 . n  -0.1 -0.1 5 . 7  2.11 19.4 1 9 . 4  2 . 9  2.8 -1.3 n.1 
21 O . 1 5 n  f l . 3 R A  58.1 1 6 7 . 4  5 . 5  7 . 5  - 1 2 . 0  -7.1 1.1 U * P  47 .4  - 1 2 . 6  -1.6 2 . 0  - n . l  1 4 . 1  
? 7  0 . 7 9 7  f l . 0 4 '  6 2 . 7  1 4 5 . 5  2 9 . 2  0 . 7  - 1 . 4  - 0 . 3  '.n 25.5 - 3 4 . 5  - 8 . 0  -0 .6  n.5 1 . 6  
2 5  0.0-37.-~ n.4117 3 '7h .n  ( 2 3 . 3  3.0  - 1 . n  1 4 . 7  -1.1 4 . 7  1 . h  - 3 6 . 7  -36 .7  - 1 . 6  0 . 9  - 3 . 3  1 4 . 8  
26  0 . 3 3 9  f l . 7 6 & - 1 > 7 . R  8 7 . 1  12,O - 6 . 7  - 1 5 . 5  - I . ' >  1 . 1  0 . 4  - 3 7 . 9  -7 .9  -1.8 -1.3 - 1 . 0  13.~3 
2 9  0.126 0 . 0 4 7  1 9 2 . 7  1 9 7 . 9  4 . 6  - 1 . 7  0.4 0 . 4  7 . R *  -1 .1  -42.1 1 7 . 9  - 0 . 0  1 . 4  -3 .1  1 . 7  
7 . 4  3 0  n . i ? 7  0 . 2 1 1  754 .1  1 5 6 . 4  4 . 5  - 7 . 1  - 1 . 6  "I U.8 36 .4  -23 .6  - 2 . 4  4 . 1  7 . 6  7 .  I 
3 1  . n , Q 5 1  ~ n . i 7 &  ~ 2 1 5 . 5  ) 5 4 . 9  7 .2  0.6 6 .4  - 1 . 9  7 . q  2 .4  1 4 . 8  - 1 5 . 2  - 0 . 4  0 .5  -~ -n.5 6 . 4  
32 n . 6 j 4  '7.379 7 5 h . 9  1 3 3 . 1  2 4 . 0  - 3 . 1  13 .5  q . 0  1 . R  - 4 . 8  1 3 . 1  4 3 . 1  1.8 0 . 6  3 3 - - -  13 .8  
3 5  n.235 (1.1749 320.3 2 4 7 . 5  1 0 . 4  1 . 3  1.1 7 . 2  4 . 5  1 . c  7 . 5  - 2 2 . 5  6 . 0  . 5 . 0  1 . 3  1.8 
3 6  n . 5 9 5  0.004 1 4 1 . 3  325.5 2 1.8 - 0 . 1  - , i . i  1.4 2 4 . 7  -0 , 5  - 3 4 . 5  - J 4 . 5  2 . 7  0.3 1 . 6  n . 1  
1 3 . T  38 n . 0 3 9  f l .3R. I  ~ JJ.1 1 8 1 . 3  3 . 3  1 2 . 9  -5 .5  1.1. , 7 .4  -0.4 -5A,7 
3 9  _ o . o ~ ~ ~ ~ ~ _ n . . 4 ~ . i _ ~ ~ ~ . 9  519.1 3 . 1  l . 6  -15.3 1 .5  15.7 1.5 - 4 n . 9  -40 .9  1.8 n.6 - 7 . 7  1 5 . 4  
4 0  0 . 0 0 6  n . 0 9 9  114.6 ) 3 h . 7  0.2 -0.9 -3 .5  -1.6 0 . 4  -4 .9  -3 .3  - 3 3 . 3  - 2 . 7  1 .5  1 . 8  3 ; b -  
4 7  0 . 2 4 h  fl.1197 J 5 . 7  1 3 1 . 9  9 . 0  3.7 - 1 . 5  - 1 . J  3 . 8  -2 .1  1 1 . 9  4 1 . 9  1.1 -3 .0  0 . 7  3.5 
3 3  f l .294 ' l . l 7 ' ~ - ~ l ' J 8 ~ 1  1 5 1 . 3  1 0 . 8  - 6 . 1  2 .0  -1.4 5.4 -4 .0 31.3 -28 .7  4 .1  6.4- -1,6 6 . 4  
3 4  0 . 0 4 4  ' l . 31 '  9 9 . 3  509.5 1 . 6  - 1 . 7  - 7 . 6  - ? e 4  3 . 0  2 .9  -50.5 '  3 9 . 5  - 6 . 1  7 . 1  11.3~ 7 . 7  
3 7  - _ f l . U 7 C .  0.117A 7'32.3 1 8 3 , 5  (1.9 n . 6  2 . 7  - 3 . 6  1 4 . 7  3.8 - 5 6 . 5  3 . 5  0.h 0 . 0  1 . 0  2 . 8  
~- _ _ ~  -... 
1 . 3  - 2 . 0  2..8 -11.3 
4 1  f l .535  f l . 0 4 7  S 5 . 7  2 9 4 . 3  1 9 . 6  0 . 1  - 1 . 7  - 3 . 7  5 .3  - 2 . i  5 4 9 3  2 4 . 3  - 0 . 2  - 7 . 0  - 7 . 0  1 . 7  
4 3  1.134 f l .414  2 4 6 . 2  1 0 9 . 3  4 3 . 3  4 . 7  1 4 . 6  2 . 5  A . 9  - 3 ~ 4 ~ ~ 0 . 7  1 9 . 3 -  1 . 7  %-0,-5- 7 .9  15 ,2- -_  44  fl .234 0 .37"  1 4 6 . 6  2 2 6 . 7  R.6 - 1 l . 3  - 7 . 5  7 . 6  7 . n  2.0 - 1 3 . 3  - 4 3 . 3  1 . 4  - 3 . 3  - 8 . 6  1 3 . 5 -  
4 5  n .437  n .074  3 7 6 . 9  1 2 4 . 0  1 7 . 6  7 . 7  1 .5  -1 .1  7 . 3  0 . 1 . ~  ~ 4 .0  34 .0  0.4 , - 2 . 5 - - ~  ~ 4 . 2  7 .7  
4 6  f l . 942  1.1.94 1 1 7 . 1  1 6 1 . 2  5 4 . 5  -13.9 - 4 1 . 8  - 7 . 9  Q . 0  -2 .8  4 1 . 2  -18.8 - 1 . 4  1 . 0  4 . 7  1 3 . 7 ~  
4 7  f l . 0 3 6  0 .044  7 1 7 . 2  J3R .3  1.3 - 1 . 4  (1.7 -1 ;4  5 . 9  0 - 7  -71 .7  -21 .7  4 . 1  - 0 . 1  7 . 0  1.6  
4 8  n . o z e  0 . 3 0 4  361.3 295.4 1.0 - 0 . 4  7 . 5  1 . 7  9 . 3  , 2 .4  5 5 . 4  2 5.4 - 0 . 3  1 . 6  - Q . 2  7.5 
4 9  n .810  n . i w  7.17.3 37 .4  2 9 . 6  1.8 5 . 9  1.4 5 .6  -2 .4 3 2 . 4  3 2 . 4  3.1 -1.1- - j 1 3 - -  6.2 50 0 . 4 ? 7  n . 3 5 7  7 5 7 . 2  2 6 9 . 3  1 5 . 6  - f l . h  1 2 . 9  - 2 . 7  3.4 -1.4 2 9 . 3  - 0 . 7  - 2 . 6  -1.0 0.2 1.7.9 
51 fl.137-. n . 1 6 7  . 2 , l ? . n  786.1 7 . 0  - 5 . 5  2.8-- -1.4 8 . 0  - 1 . 4 -  4 h . l  16.1 - 1 . 0  - 1 . 9  3.5- . .6...? ~ 52 0 . 7 1 3  n e 1 9 9  1'16.8 8 2 . 9  2h .0  - 7 . 1  - 7 . 0  2.9 4.7 -2.1 - 3 7 . 1  - 7 . 1  -0 .5  0 .4  - 7 . 7  7 . 3  
53 fl .179 U.04n 3 ? 5 . 5  1 9 . 5  6 . 6  1 . 7  0.8 - 0 . 4  6 . 5  3.0  1 9 . 5  1 9 . 5  -0 .7  1 . 7  - 1 . 4  1.5 
5 5  0 . 6 3 R ~ - - _ n - t . O ~ C . 7 9 5 . 6  317.6  2 3 . 4  0,7 2 .3  0.5.  1 . n  -1 .9  - 4 7 . 4  42 .6-  ? :7 - -~1 .8  - 1 . 8  7.4 
54  0 . 3 3 6  0.5711 1 4 6 . 1  9 h . l  1 4 . 1  - 1 7 . 3  - 1 1 . 6  -1.~1 1 . 7  0 .6  - 2 3 . 9  6 . 1  -1.8 -1 .4  - 1 . 2  2 0.9 
C A S E  V V  VH C S A  P H ! ~  ~ V V  V7--JHETA GAYM! P S I P H I  3 P H I  4 !dX W Y  W7 V i 4 1  
N O .  B A . 7  3 A R  I lEG DFG W I S E E C ? j h l / V ~ F C ~ S E C  D F ~ ~ l l E l ;  D F G  DEG I)EG n E G / S  D F G / S  n E G / S  I U / S r  
5 6  0 .917 0.33"  75.0 3 0 9 . 1  53.6 1 1 . 0  - 5 . 1  -1.3 3.9 0 . 7  - 5 0 . 9  3 9 . 1  0.9 0.7 - 4 . 2  1 2 . 1  
5 7  0 .857 I3.350 94 .4  8 5 . 4  51.4 1 , .3  - 1 2 . 9  -0 .9  1.1 3.9 - 3 4 . 6  - 4 . 6  -2 .8  -1.1 1 . 9  1 7 . 9  
5 8  0 .575 0 . O R 4  1 2 3 . 7  1.7 21.1 - 0 . 7  -3.0 1 . 4  1 . 9 ~ - - - - 1 - ~ 7  1 . 7  1 . 7  0.4 -0.3 . -1.i 3.1- 
5 9  n .336 0 . 0 3 7  82 .9  5 7 . 9  1 2 . 3  0 . 1  - 1 . 2  0.5 7.1 - 0 . 9  5 7 . 9 - 3 2 . 1  2.9 5 . 2  7.5 1.2 
6 2  0 .120 n . 3 0 1  140.17 3 4 6 . 0  4.4 1 8 . 4  - 7 . 1  - 0 . 3  4 . 2  - 4 . 3  - 1 4 . 0  - 1 4 . 0  -3.8 2 . 7  n.6 11.0 
6 3  n . e j 7  0 . 0 5 6  318.9 2 4 1 . 9  1 0 . 9  1.5 1 . 3  1.0 4 . 6  1.0 1.9 - 2 e . i  4.1 3 . 6  0 . 8  2.0 
6 4  0.45R n.4~12- 97r7-277_.7- 17-.&- . - 1 5 . 2  -2.1 .JJ25.-- I?.4~ --12> 3 7 . 7  7 .7  1 . 2  -1.0 n.2 1 5 . 3  
-- 0 ;r 3.4  -1 .4  - 2 . 3  ' -1.1 6 5  f l .594 0 . 0 2 7  1 9 6 . 5  9 3 . 4  21 .7  -0.8 0 . 2 ,  '1 .4  7 .h  1 .1  - 2 6 . 6  
7 6  0 .309 0 . 0 5 5  77.4-.-101.3 - i . i ,3  .. n . 4  -1.9 - ~ i 2 4 .  
-. 7 8  - 0 . 9 2 1  nLo42. -753.0  350.8 33.7 . 1.a - 0 ~ . 2 ~ - 1 . 1  
7 9  n . 2 7 6  0 .235  2 5 0 . 6  3 2 5 . 5  10.1 - 2 . 9  8.1 2 . 5  
7 7  0 .170 0 .57Q 55.2 1 5 6 . 1  6.2 11.0 - 1 5 . 9  - 2 . 9  
4 . 7  1 . 5  
1.9 -2.5 
7 . 6  - 0 . 9  
R . 3  -0 .3  
6 . 7  -0.2 
1 1 . 7  -0.8 
51 .5  - 3 8 . 5  4 .8  - 1 . 5  1 . 6  8.9 
- 5 3 . 6  6.4 -0.1 - 5 . 9  -1.5 9.4 
8 0  0 .737 0.217 1 3 8 . 3  80 .0  28.8 - 7 . 5  - 7 . 5  7 .5  4 . 9  - 2 . 3  -40 .0  -10 .0  -0 .7  - 0 . 0  - 7 . 7  7 .9  
8 i  n.134 0.015 3 1 5 . 7  3 3 4 . 5  4 .9  0.1 0 . 5  -1.2 5.7  1 .7  - 2 5 . 5  - 2 5 . 5  -1 .9  a.4 -7 .2  0.5 
8 2  0 . 2 4 2  0 .270 h 3 _ . i p  R.9.- - 8 . 9  4 . 5  -8 .8  - 3 . 3  1 5  
83 0 . 3 0 0  0.394 160.4 1 8 3 . 2  1 1 . 0  -13.6 - 4 . 8  -1.6 R 
8 4  0.23R 0 .171 7 1 7 . 7 - - 1 3 7 . 5  1 0 . 6  - 3 . 5  --2-.7---1,4 1 5  
8 5  f l .21j  0 .095 734.17 231.6  7 .7  -7 .0  2.8 1.1 5 
8 6  0 . 0 9 6  n.iao 211.9 105.7 3 . 1  - 5 . 9  3 . 7  - 3 . ~  4 
8 7  0 .537 0 . 0 8 2  1 4 8 . 9  1 1 9 . 7  1 9 . 6  - 7 . R  -1.7' 1 . 3  11 
3 - - 0 - 7 -  8.9 8 .9  -6 .3  - 5 . 1  .9-.>_ 5.4 
5 1 .7  -56 .8  3 . 2  0.7 2.8 7 .6  14 .4  
5 - 2 . ~ -  2 7 . 5  - 4 2 . 5  -3.2 -.3:8. - - n ~ . 2 - _  - 4 . 4  
7 -0 .7  -8.4 - 3 0 . 4  0 . 1  1 .4  - 7 . 4  3 . 5 -  
9 - 0 . 1  - 1 4 . 3  1 5 . 7  2 . 4  1 . 4  n.5 6 .9  
5 -0.1 -0.3 2 9 . 7  6.7 - 3 . 5  4 . 1  3.3 
9 3  i . 1 9 6  n . 1 6 7  312.9 12R.6  7 .2  - 4 . 1  4.4 -2.q 4.9 1 .9  -8.6 3 8 . 6  -2.0 3.5 - 4 . 3  6.0 
93 0.135 0 . 1 6 0  9.4 2 6 2 . 2  6.8  6 . 1  - 1 . 0  -1.6 2.0 -2.0 22.2 - 7 . 8  1 . 7  0 . 9  1.8 6 .2  
9 4  11.117 I3.587 75 .9  1 7 5 . 6  -4:3 - 1 9 . 7  -9 .3  " 8  7-:7 -016 55.6 -4 .4  -2 .9  -1.2 1 . 8  21.3 
9 5  f l .947 0 .267 2.3 729.0  3 4 . 5  9.6 -0.4 - 0 . 1  R.4 - 0 . 0  -11.0 - 4 1 T - a T 5  -1 .9  7 . 2  9.6 
9 6  0 .357 13.479 238.6--61,3-7.._1<.9 . 8.4 1 5 . 4  1.g 6.2- - 5 7 . 7  - 2 7 . 7  0.7 -3 .0  - 7 . 8  1 7 . 5  
9 8  0.321 0.13R 51.n  1413.7 11.8 3 . 7  - 3 . 9  -1,7 4 . ~  - 1 . 9  28 .7  - 3 1 . 3  0 . 9  -3 .7  n.2 5.0 
9 9  n.67S n .3n7 2 7 7 . 1  41.8 24 .6  - 7 . 5  8.1 T 0 . 8  5.1 2 . 0  41.8  4 1.8 -0.2 - 2 . 9  n .3  I 1.1 
9 7  0 . 0 3 5  0.150 1 9 4 . 8  3 5 . 6  3 . 1  - 5 . 3  1 . 4  -1.1 11.1 - 0 . 6  3 5 . 6  3 5 . 6  1.2 - 0 . 6  - f l . 7 5 ; 5 -  
1 0 2  0.055--0~067 -154.9 200.5 3 . 1  - 2 . 0  ~ - 1 . 0  -2 .2  1 3 . 9  - 1 . 9 - - ~ 3 9 . 5  53,5 .-~3T-3p- 2 0 . 5  -i::--zi:+----4.5 2 .3  
1 0 4  0 . 4 3 R  0.117 1 4 6 . 3  1 6 6 . 0  18.2  - 3 . 4  - 2 . 3  - 0 . 5  4.b - 0 . 0  46.0 -14 .0  -5.2 -1 .7  6 . 6  4 . 1  
1 0 3  1 . 5 5 1  0.03A 170.h 293.3 56.8- - 1 . 3  -0.2 - 2 . 9  4.9 - 0 . 6  0.2--~ 1.3. 
1 0 5  f l . 223  0 . 0 2 R  81.9  1 7 8 . 6  8 .1  0 . 1  -1 .0  - 2 . 5  l n . 3  - 0 . 0  5 8 . 6  -1 .4  -2.2 1.1 -1.1 1.0 
c3 
W 
WY wz V H T  C A S E  V V  VH C S A  PHI0 V V  VH V Z  T H E T A  G A M M A  PSI PHI 3 PHI 4 WX 
N O .  B A R  3 4 R  OEG D E G  IN/SEC l N l S F C  IV/SEC D E G  nEG DEG DEG D F G  n E G / S  n F G / S  nER/S INlSEC 
111 0 . 8 0 7  D.09n 2 9 4 . 0  3 1 2 . 6  2 9 . 5  1 . 3  3.0 0.2 1.4 -2.0 -47 .4  42.6 3 . 9  - 2 . 6  - S . O  3,.3 
112 0 . 5 3 9  0 .230  309 .0  224 .6  1 9 . 7  5 . 3  6 . 5  4 . 3  2.1 - 0 . 6  - 1 5 . 4  4 4 . 6  -1 . 2  -1.6 1 . 5  8 .4  
1 1 3  0.308 0 . 1 4 5  2 8 4 . 0  2 7 6 . 6  ' 11 .3  1 . 3  5 .1  1 . 7  7 . 2  -0.1 3 6 . 6  6.6 0.8 2.0 - 7 . 5  5.3 
1 1 4  . 0 .10A  f l . 213  21.8.9 lOR.5 3 . 9  -6.1 4 . 9  - 4 . 5  5 . 3  -0.1 -11.5 1 8 . 5  2 . 1  1.1 n.2 7.8 
116 .0.097 0 .062  3 2 8 . 5  1 9 2 . 1  3.0 1.9 1.2 0 . 5  4.n - 2 . 7  -47 .9  i 0 . 7 .  2-..3- 
118 0 . 3 7 ~  0.081 7 7 7 . 8  1 1 5 . 4  13.8 0 . 4  2 . 9  1 . 3  i n . 7  - 0 . 8  - 4 . 6  2 5 . 4  -0 . 9  - 3 . 4  7 . 5  3.0 
115 0.44R 0 . 0 7 3  113.8 8 0 . 4  1 6 . 4  -1.1. - 2 . 4  O . r 5 ~ ~ 1 _  - 0 . 7  -39 .6  - 9 . 6  2;1-T; 2 . 8  4 . 2  _- - ~ ~ .  7 . 0  2.7 
1 1 7  n.243 0 .159  1 4 3 . 2  8 3 . 8  8.9 - 4 . 7  - 3 . 5  4 . 1  4 . 7  1 . 7  -36.2 - 6 . 2  1 . 0  1.1 3 .7  5.8 
1 1 9  0 . 4 5 6  n.117 ' 12 .3  28h..9 L6.7 4 . 1  -0.9 2 . 6  6 . 7  1 . 6  46 .9  1 6 . 9  6 . 3  4 . 1  n . 8  4 . 1  
120 0 .429  0.395 6 6 . 8  23R.3  1 5 . 7  5 . 7  -13.3 -0.3 1 1 . 3  -2 .3  -1.7 -31.7 -0.0 - 2 . 7  - 1 . 4  1 4 . 5  
1 2 1  0.31R 0 .289  ' 81.1 3 2 9 . 7  1 1 . 6  1 . 6  -10 .4  - 0 . 7  3 . 9  --0.8 -30.3 -30.3 3.3 2.0 3.1 ' i026 
1 2 2  0 . 1 7 1  0 . 0 3 4  55 .4  2 0 0 . 9  6 . 3  0 . 7  -1.0 1.0 3.6 -0.3 - 3 9 . 1  2 0.9 -2.5 1 . 9  -1.1 1.2- 
_-.__--~____ 
.  . ~. 
1 2 3  0 . 8 9 7  0 . 2 6 3  3 4 9 . 6  2 1 2 . 1  3 2 . 5  9 . 5  1 . 7  - 0 . 5  R . 0  -0.3 - 2 7 . 9  3 2 ; l  -1.1 -2.8 . 1.3 9 . 6  
1 2 4  0.255 0.309 243 .7  3.3 9 . 7  -5 .0  1 0 . 1  - 0 . 0  4 . 5  - 0 . 9  3 . 5  3.3 -0 .6  3 . 9  3 .9  11.5 
- 1 2 5  0 . 7 1 3  0.087 9 7 . 8  2 9 4 . 3  2 6 . 1  - 0 . 4  .-3.o' 4 . 5  6.0 - 2 . 6  ' 5 4 . 3  2 4 . 3  -1.0 -3.7 - 4 . 3  3.0 
1 2 6  0.115 0 . 0 4 7  7 7 1 . 8  5..3 4 .2  0.0 1 . 6  2 . 2  1.3- i 14 5 . 5  5.3 -Z.T--T;a -4 .0  1 . b  
- 1 2 7  0 .217  n . 1 0 7  4 5 . 7  _li2!2 7 . 9  2 . 6  -2.7 -2 .3  O . x - 1 . 0  -23.8 36.-2 3 . 9  0 .6  5.4 3.7 
12K 0 . 2 5 5  0 . 5 8 ~  1 7 9 . 5  2 0 7 . 0  9.7 -16 .4  - 1 4 . 0  1.5 , 3 . 1  , I.:{ -33.0 27 . b - - 7r.J--3.7 3 . 0  21 .3  
129 0 - 2 4 7  0 . 6 5 6  1 9 3 - 2  3 3 7 . 7  9 .0  - 2 3 . 4  5 . 5  1 . 9  2 7 . 3  - 2 e 9  -22.3 -22.3 - 4 . 6  0.9 -0.3 2 4 . 0  
1311 0 . 1 7 0  o.ins 7 0 6 . 9  2 4 8 . 3  6.2 - 3 . 5  1.8 - 1 . 4  11.9 -1.1 8 . 3  -21.7 - 0 . 4  1.7 - 5 . 4  4,0 
2.~1 0 . 0 3 3  fl .057 180.5 298 .9  1 . 2  - 1 . 9  0.0 - 3 . n  5 ' 4  -015 5 8 . 9  28 .9  - 3 . .3~  1 6 ~...~.3*2 -2.0 - n . l  1.9 
1 3 4  0 . 3 7 0  n.329 7 7 0 . 7  z i n . r ~ i x i i  -9 .1 ,  7 . 9  2.1 2.6 - 3 , 5  - 2 9 . 8  T,T 3 . 5  - 4 ~ 3  -7.3 1 2.0 
1 3 5  0 . 8 4 4  n.059 34.0 100.4 3 0 . 9  1.8 -1 .2  -1.5 2.7 1.0 - 1 9 . 6  1 0 . 4  1 . 7  - 3 . 4  -7.2 2.2 
4 . 5  7 . 3  - 1 . 4  10.6 4 0 . 6  -0.3 0 . 3  -3.3 1 5 . 2  
___ 1 3 7  17.122 0.015 260.3 3 0 0 . 7  4 . 5  -0.2 0.5 -2.2 4 . 7  - _ - o . 9  - 5 9 . 3  3 0 . 7  - 3 . 9  - 0 . 9  3.6 0.5  
1 3 8  n.106 0 . 1 5 9  3 2 3 . 3  2 5 0 7  3.9 4 . 0  4 . 2  0 . 9  7.17 - 5 , o  10.1 - i Q ; T -  U . F - 0 . 6  ' 0 . 6  5.8 
132 n .427  0 . 0 9 7  11.4.0 1 2 9 . 4  1 5 . 6  - 1 . 4  - 3 . 3  - 1 . 2 ,  3.8 - 0 . 6  9 . 4  3 9.4 9 .6  3.6 
- 133 -- 0.126 0.386 7 .4  9 9 ~ . 8  4 . 6  1 4 . 0  -1.8 2 . 2  h . 6 _ - - 1 . 2  -20 .2  9 . 8  4 . 5  -0 .7  -4.0 1 4 . 1  
1 3 6  0.090 0 .415  1 6 7 . 7  130.6 2 . 9  - 1 4 . 8  - 5 . 4  
- 1 3 9  -~ 0.021 0 . 1 2 5  3 2 6 . 3  3 4 0 . 7  0.8 3 . 8  2 . 5  0 . 5 . 2 . 3  -1.5 -19 .3  - 1 9 . 3  5.1 - 2 . 3  -2.8 4 . 6  
1 4 0  0 . 5 3 3  0 .234  299 .2  2 1 0 . 6  1 9 . 5  4 . 7  f . 5 2 . 8  2.n - 0 . 9  - 2 9 . 4  3 0.6--;1.8-2-;C 0 . E  8 . b  
1 4 1  0.23s  0.117 232.n  7 2 0 . 4  8.5 - 7 . 5  3.2 0.6 5 . 4  -1.0 -19 .6  4 0 . 4  - 0 . 6  0 . 5  4 . 7  4 . 1  
4 . 1  . 2  -1.1 -2 .3  1 4 2  0 .879  0.132 1 7 4 . 7  10.1 32.2 - 7 . 7  -3 .9  1.2 2.8 -1 . 7  1 0 . 1  1 0 . 1  -0 
- 1 4 3  0 . 1 9 R  0.387 3 3 7 . 4  299 .7  7 . 3  1 3 . 1  5.5 - 1 . 7  4 . 0  3.6 5 9 . 7  29.7. - 0 . 5  0.0 - 1 . 3  1 4 . 2  
1 4 4  0 . 3 9 R  0.244 1 4 9 . 9  9 . 3  1 4 . 6  - 7 . 7  - 4 . 5  - 2 . 9  1 4 . 1  0 . 6  9 . 3  9 . 3  - i . a  -4.4 - 1 . 2  8 . 9  .. 
1 4 5  0 . 6 2 R  0 .536  202 .4  '218.8 23.0 4 . 2  1 9 . 1  -0.9 10.4. -2.0 -21.2 38.8 5 . 7  6 . 4  - 2 . 0  1 9 i 6  
1 4 6  0 . 8 1 R  0 .177  , 14.A 2 0 8 . 2  3 0 . 0  6 . 1  -1.6 4 . 1  1.3 0.5 -31.8-28.2.. -1.3 - 5 . 5  6.3 
1 4 7  0 .722  0 . 1 7 4  6 7 . 1  3 3 7 . 5  26 .4  2 . 5  - 5 . 9  -4 .4  9 . 8  2 . 9  - 2 2 . 5  - 2 2 . 5  - 3 . 6  -5.1 q.4 6 . 4  
1 4 9  0 .23n  f l . 257  5 1 . 6  295 .9  10.2 5.8 - 7 . 4  -1.3 3.2  - l e 5  5 5 . 9  25 .9  1 . 9  0 . 9  1.6 9 . 4  
1 5 0  0.091 0 .429  3 4 3 . 7  1 2 5 . 0  3.0 1S.t 4.4 - 0 . 2  1 . 9  -5 5 . 0  3 5.0 4 . 0  0 . 0  - 4 . 0  1 5 . 7  
1 5 1  0 . 3 9 3  0.1411 7 3 5 . 7  9 4 . 0  1 4 . 4  - 2 . 9  4 .2  -3;s 4 . 0  -2.6 -26.0 ' 4.0 5 . 9  2 . 0  - ¶ , 4  5.1 
1 5 3  0.203 fl.264 2 5 9 . 5  9 1 . 8  7 . 4  -1.8 9 . 5  - 0 . 5  0 . 6  O i l  -28.2 1.8 1 . 9  - 0 . 1  -13.5 9.7 
__ 1 5 5  0.373 ~. 0.187 1 2 3 . 0 - - 2 8 9 ~ . 3 ~ 2 . 6  - 3 . 6  -5.6 -1.0 2.5  -0.0 4 9 . 3  1 9 . 3  -3.6 1 . 7  -3.2 6.7 
1 4 8  0 . 4 9 0  11.594 79 .4  246 .7  17.9 4 . 0  , -71.4 -0.3 11.8 -2.2 6 . 7  -23.3 - 0 . 1  -3.0 -1.7 2 1.8 
~ 
1 5 2  n .041  0.124 87 .6  2 0 2 . 9  1 . 5  0 . 2  - 4 . 5  - 3 . 8  n.4 2.7 - 3 7 . 1  a 2 . 9  4 . 0  -0 .5  -n.5 4.5 
1 5 4  n.3ih 0 .147  31.3 1211.6 11.6 4 . 5  - 2 . 7  - 2 . 0  4 .4  - 3 . 0  0 . 6  3 0.6 - 0 . 1  3.7 -¶.2 5 . 2  
1 5 6  0 . 3 4 6  0.039 1 7 4 . 6  237 .9  12.7 - 1 . 4  -0.1 2.0 4 . 1  1.8 -2 .1  - 3 2 . 1  0 . 6  4.5 7 . 5  1 . 4  
-1-57. 0 . 0 0 1  0 . 2 5 n  1 8 6 . 2 . ? 2 6 . 4 _ - - 9 , 1 -  - 0 . 0  0 . 0  1 . 4  23.0 -3.8 -33.6 -33.6 5 . 5  0.4 - 1 . 0  0,O 
1 5 8  0 .113  0.081 1 5 7 . 6  1 9 4 . 9  4 . 1  - 2 . R  -1.1 ' - 2 . 9  16.0 -293 - 4 5 . 1  1 4 . 9  - 1 . 8  0.3 7 . 5  3.0 
1 5 9  0 . 5 3 6  n .477  89.0 203.3 2 1 . 5  0.3 -17.3 1 . 5  2 . 9  -2.4 -36.7 ' 2 3 . 3  -0.5 3.9 -2 .7  1 7 . 3  
1 6 0  0.191 0.0117 3 4 0 . 4  351 .6  7 . 0  0.1 0.0 2 . 2  n.3 4 .9  -8 .4  - 8 . 4  - 0 . 2  1.3 -n.8 0.1 
1 6 2  n . 0 3 1  0.087 2.8 348.0 1.1 3 . 0  -0.1 -1 .6  7.1 - 0 . 5  -12.0 -12.0 - 1 . 9  -0 .7  0 . i  3 . 0  
1 6 5  0.15h 0 .04n  375 .8  312 .0  5 .7  0.1 1 . 4  - 2 . 1  5.3 1,i -48.0 4 2 . 0  -4.0 -1.0 3.2 1 . 5 .  
__ 1 6 1  Os'49Y -0-12q 191.6 279 .8  18.0 - - - ~ 4 . 6  0 .9  -0.8 1 . 6  1 q 4  3 9 . 8  9 . 8  - 0 . 6  2 . 8  n . 1  4 . 7  
_- 163 0.136 0*14C, 1 3 3 . R  1 9 6 . 0  . 5.0 - 3 . 7  -3.8 -0.2 5 . 7  3.3 -44 .0  1 6 . 0  5 . 0  -1.2 -n'.6 5 . 3  
164 n .174  0.04 '1  2 3 4 . 8  1 8 4 . 0  6 . 4  -1.0 1.0 - 2 . 4  1 1 . 2  - 0 , 6  - 5 6 . 0  4 . 0  0 .5  1.0 -7.3 1 . 5  . 
C A S E  V V  VH CSA PHI0 V V  VU V Z  T H E T A  G A M M A  PSI P H I  3 PHI 4 WX WY W7 V H T  
N O .  B A Q  a m  DEG DFG IN/SEC INIsEC I h l / S E c  DEG n E G  DtG IlR; m~ ntG I S  nFG/S DE G / S  FJ/sRT 
1 6 8  0 . 2 3 1  n.128 188.1 95.2 1 0 . 3  - 4 . 6  0 . 7  0.4 12.7 4 .8  - 2 4 . 8  5.2 3.4 2 .5  - 7 . 0  4.7 , 
1 6 9  0 . 0 0 6  n . o o i  78 .7  62.8 0.2 o . n  -0.1 -2.0 1.4 2.2 - 5 7 . 2  - 2 7 . 2  4.4 - 3 . 7  - O . J  0 . 1  
171 n.450 0.081 9 9 . 7  57.8 1 6 . 7  - 0 . 5  - 2 . 9  0.0 P . R  -1.2 57.8 - 3 2 . 2  1 . 5  2 .1  0.6 3.0 
1 7 3  1 .074 0 .037 310.4 257.5 3 9 .3  1.1 0 . 9  - 0 . 5  15.5 -1.4 1 2 . 5  - 1 7 . 5  - 4  .8 - 4 . 9  - 1 . 7  1 . 4  
1 7 4  n.858. 0 .181 10.6 1 9 9 . 7  31 .4  0.5 -1 .2  3.0 1 . 3  0 . 5  - 4 0 . 3  1 9 . 7  0.2 - 1 . 9  4 . 2  6.6  
1 7 5  f l .541 0.147 20 .7  286.8 1 9 . 8  4 . A  -1.8 2.1 7.4 1 . 5  46 .8  16.8 3.8 2!7 0.0 5 .2  
1 7 7  0.095 0.127 Z f I O . 8  1 6 0 . 9  3.5 0.8 4.4 7.2 1 9 . 3  2 . 1  40 .9  - 1 9 . 1  - 1 . 0  - 2 . 3  -1 .5  4.5 
1 7 8  (1.411 0 . 1 3 9  170.7  3 0 7 . 8  15 .0  - 5 . n  -0.8 3.2 7 . 8  1.2 - 5 2 . 2  37.8 -0.7 5.0 0.1 5.1  
1 7 9  0 . 0 5 7  0 .421 20 .5  734.6  1.9 14.4 - 5 . 4  -4.4 i n . 4  -0 .1  -5.4 -35.4 -1.1 - 3 . 2  0.9 i 5.4 
181 0 . 3 1 ~  n.56R a2o.n 14fl.O 11.6 1 5 . 9  13.4 0 . 2  2.3 0 . 9  28.0 -32.0 3.2 0.6 0.2 20.8 
1 8 3  0 . 3 4 n  n.171 9 9 . 1  261.1 12.4 -1.0 -6.2 -1.7 2.0 - 0 . 5  2 1 . 1  - 8 . 9  5 .5  0 . 8  0 . 0  6 . 2  
186 0 . 5 3 1  n . 3 7 ~  7.2 4 n . 2 -  20.2 13.7 -1.7 0.6 5.4 - _ l . o  40.2 4 0 . 2  2.2 - 4 . 0  -t.z 1.3.8 
__ 1 8 8  ____ 0.451 O . l l f l - ~ 5 - . 5 -  1_1z25 16,5. ~ - 3 . 9  -1.1 -1.9 . 3 . f l  -1.0 - -1,5 22.5 2.0 5 .6  1 .2  _4- ._0__ 
1 8 9  1.778 0.231 2 7 4 . 5  358.5  65.1. 0 . 7 ,  8 .4  0.2 3.8 3.6 -1.5 -1.5 0 . 7  - 5 . 8  1 . 2  8 . 4  
1 9 0  0.1in 0 . 1 2 7  43.5  24.5 4.0 3 . 3  - 3 . 1  -1.1 9.5  -0.0 24.5  24.5 -1.3 - 0 . 4  n.4 4.5 
1 6 6  0.030 0 .146 786.6 219.8 2.9 1 . 5  5 . 1  0.3 6 . 1  2.7 -20.2 39.8 -0.3 - 0 . 3  - 0 . 4  5.3 
1 6 7  n.659 0.087 257.4  267.6  24.5 - 0 . 7  2.9 -0.6 0 . h  - 3 ~ 2  27.6 - 2 . 4  1.7 4.4 I .  3.0 
1 7 0  0 .235 0 .468 2 8 9 . 2  1 7 0 . 4  8.6 5.6 16e.2 -2.2 R.5 0.7 50.4 -9.6 3 .3  1.8 1 .6  1 7 . 1  
1 7 2  0.74R 1 . 1 0 3  730.1 85.2 27 .4  - 2 5 . 9  31.0 - 1 . 3  1 . 7  l e 8  - 3 4 . 8  - 4 . 8  -0 .5  - 2 . 1  - n . l  40 .4  
1 7 6  0.300 0.267 350.8 1 5 3 . 9  1 1 . 0  9 .5  1 . 5  -2.0 6.7  2 . 2  33.9  - 2 6 . 1  -2.4 2 .6  4.5 9.6 
0 . 2 0 7  180 0.254... 190.3  301-L3-- 7.6 - 9 . 1  1.7 -1.2 3.3 - 2 . 3  - 5 8 . 7  3 1 . 3  - 2 . 6  1.1 1 . 0  9.3 
1 8 2  0 .370 0.177 4 9 . 6 1 3 4 . ~ b . _ ~ . 1 3 , 5 _ _ 4 . 1  - 4 . 8  - 1 . 9  51J- - - -2 .6  44.6 1 4 . 6  -0.1 3-!6 - 1 . 3  6 .3  _ _  
1 8 4  0.241 0.516 1 0 8 . 5  167.6  8.8 -6 .0  - 1 7 . 9  0.6 1 . 5  0.6 47 .6  - 1 2 . 4  - 1 . 0  1.5 n.3 1 8 . 9  
1 8 5  f l .107 0.241 77 .9  213.9 3.7 Y.9 -8.6 - 0 . 4  7.7 1.1 - 2 6 . 1  3 3 . 9  0.9 -2.3 6 . 6  8.8 
1 8 7  0 .174 O e l 2 R  256.4 6.4 6.4  -1.1 4.5 - 1 . 7  0.1 0.3 6 . 4  6.4 2.7 -1.2 0.4 4.7 
~ ~ 
1 9 1  0 .146 0 . 1 5 A  1 7 2 . 4  190.4  5.3 - 3 . 9  - 4 . 2  - 0 . 4  5 .8  2.9 - 4 9 . 6  10 .4  3.7 - 1 . 7  -1.1 5.7 
1 9 2  0 .124 0 .013 181.2 136.2  4.5 -0 .4  0.0 3.4- - R . 4 _  -1.4 16.2 - 4 a . 8  - 0 . 6  -0.2 - 6 . 3  0 . 4  
1 9 3  0.039 0,407 1 9 0 . 0  221.9 1 . 4  - 1 4 . 5  2.6 2.3 3 .n  -0.3 -18.1 41.9  2.2 - 4 . 2  0.5 14 .7  
1 9 5  0.233 0.329 R7.2 93.2 8.5 0.6 - 1 1 . 7  2.3 6.n 0.0 -26.8 3.2  -2.2 -0.6 - 1 . 0  11.7 
1 9 6  n .833 0.S75 3 3 5 . 7  238.7 30 .5  1 7 . 4  5.6 3.3  3 . 1  - 0 . 6  -1.3 - 3 1 . 3  -1.8 -2.6 0.5 13 .6  
1 9 7  0.135 0.095 1 R 4 . 1  1 6 4 . 1  6.8 - 3 . 5  0.3 - 0 . 4  4.7 -2e2 4 4 . 1  - 1 5 . 9  -2.4 '-1.3 1 . 3  3.5 
1 9 8  0.358 0.05'7 3 5 2 . 5  229.4 1 3 . 5  1.8 0.2 - 1 . 2 - 1 4 . 9  1.5 -10.6. - 4 0 . 6  - 6 . 0  2.9  1.3 1.8 
1 9 4  n .549 0 . 0 5 7  158.6 a7.6--&0,1_~- -1.9 -0.8 -:i.2- 7.5  022--:3~.q. - 2 . 4  -4 .4  - 4 . 7  -6.0 ~ ~ 1 -  
1 9 9  0 . 5 5 ~  n . i nc .  1 7 0 . ~  74.7 2 0 . 4  -2.0 - 3 . 3  0.1 10.4 -1.0 - 4 5 . 3  - 1 5 . 3  1.6 2.1 n.5 3.9 
200 0 . 6 7 0  0 .579 718.9 59.9-- 2 4 . 5  -18.4 1 0 . 2  -2.n 1 .3~ - -  1 . 3  59.9 - 3 0 . 1  -1.2 -3.5 -1.0 2 1 . 0  ' 
2 0 3  0.224 0 .041 7 .33 .1  134.9 8.2 - 0 . 9  1.2 - 0 . 5  Z.R - 0 ~ 9  1 4 , 9  4 4 . 9  - 0 . 3  - 0 . 9  - 5 . 6  1.5 
206 11.8411 0 . 2 5 5  7 5 6 . 5  29.3 30 .8  -0.3 9 . 1  -2.l-;c.8 3 . 0  29.3 29 .3  0.6 - 2 . 9  1 . 3  9 ;3  
2 0 7  n.129 n .oLs i  4 4 . 1  2 7 4 . 0  4.7 0 . 5  -1.0 0 . 0  1 6 . 9  0 . 4  34.0 4.0 -0.6 - 2 . 5  1.3 1.1 
2 0 1  f l .599 0.535 7 5 7 . 1  185.0 21.6 - 4 . 4  1 9 . 1  -1.8 9.3  - 3 e 4  - 5 5 . 0  5.0 2.5 2 .3  -5.6 19 .6  
2 0 2  0.40R 0 .090 7 5 5 . 1  90 .0  14 .9  -0.3 3 .6  0.5 1 0 . 7  -1.4 - 3 0 . 0  -0.0 -2.3 3.4 fl.5 3.6 
204 fl.013 0.081 160.9  3 1 9 . 8  0.4 -7 .R -1.0 0.5 1,4 -:l.O - 4 0 . 2  -40 .2  0.8 - 1 . 9  - 1 . 0  2.9 
2 0 5  0.304 0.290 48.7 284.6 11.1 7.3 -8.2 - 1 . 9  7.4 -1.8 44.6 1 4 . 6  1.1 0 . 0  n.5 1 0 . 9  
2 0 8  0 .227 0.28'' 191.7  29P.5 8 . 1  - 1 0 . 0  2 . 1  -1.4 3.4 - 2 . 5  58 .5  2R.5 - 3 . 2  0.7 Q.5 1 0 . 3  
2 0 9  0 . 2 5 n  0..374 2 7 9 . 1  103 .0  9.5 7 .7  1 3 . 6  - 0 . 6  1 .4  0.1 - 1 7 . 0  1 3 . 0  1 .6  -0.6 -1.1 13.7 
,210 0.237 Oel1n--E26,b - 4 c . . _  8.5 3.4 2 .2  7 . 7  ~7.9---;.,0 47 .4  - 4 2 . 6  -2.2 0.8 - 0 . 2  4.0- 
211 0 . 1 4 8  0 .077 353.9  1 3 1 . 7  5.4 2.5 1 . 2  1.8 11.3 -3.6 11.7 41.7 0.6 -2.2 n.5 2.6 
2 1 3  0 .350 0.115R 2 7 8 . 3  0.1 1 3 . 2  - 1 . 4  1 . 6  . 1 . H  1 . 5  -2.-d-- 0 1  0 4 - 1 . i  2 . 1  
_~___. 212 1.25P - -_0..15-4 3!11.2 3 5 6 . 0  46.0 7 .p  ~ 4.8- -?..4 9.7  - 2 . 5  - 4 . 0  , = ~ - -  -4.0  ..-, 2.8 ~.-9 ~ - 2 . 4  .... -0.6-5.6 
214 n.077 F .009 1 1 5 . 4  144.2  2.8 -1.1 - 2 . 3  2 . 4  1 1 . 3  3.6 24 .2  -35.8 - 4 . h  - 1 . 3  n.4 2 .5  
. - - 2 1 ~ 6 - - n . 5 5 1  ~ 0 . 1 4 1  1 7 9 . 4  1 3 7 . 2  20.5 -3 .3 -4 .0  -1.6 4.6 -0.7- -12.2-?2.-2-- 2..2-_ 6.2 1 . 2  5 . 1  
215 0.293 f l .207 3 ? 2 . 4  6R.2 1 0 . 7  6 . 0  4.6 -0.8 1 7 . 7  1.2 -51.8 -21.8 5.3 - 0 . 3  1 . 2  7 .6  
2 1 7  1.030 f l . 2 7 7  256.2  S36.0 39 .7  - 1 1 9  - -7 ; -9 - -~-0 .7  ,7.5 2 . 4  -74 .0  - 2 4 . 0  0.0 3.6 n.3--~-871-- 
- 2 ~ _ . n . 0 ~ 5 _ - n ~ _ O A ? ~ ~ 3 4 5 . 0  3 1 Q . H  0.9. 3 . 0 .  0.9 -2.8 6 . 0  ~ - A 2 @  - 4 0 . 2  - 4 0 . 2  - 3 . 5  -2 .1 - 1 . 2  3.2  
220 0.607 n . 2 0 A  36.4 3 4 7 . 1  22.0 0 . 1  -4.5 0 . 1  3.4 1 .8  - 1 2 . 9  -12 .9  4.7 -6 .8  0.3 7.5 
2 1 9  1 .30n 0 . 0 8 1  7 9 . 7  83 .5  47.6 2 . 6  - 1 . 5  -2.5 ~ 7 . 9  0.6 -36 .5  -6.5 0.6 3.8 m 3 . 6 -  
221 0 . 3 2 5  0 . 1 7 7  2 .9  3 0 . 7  1 1 . 9  4 . 5  - 0 . 2  - 1 . 0  9 . 7  2 n 5  3 0 . 7  3 0 . 7  - 2 . 1  - 0 . 1  5 . 5  4 . 5  
2 2 2  0 . 1 0 ~  n . 1 7 ~  7 9 9 . 4  ) i 4 . 1  4 .0  7 . 1  6 . 0  0.0 r . 5  2 . 5  -75 .Y 5 4 . 1  - 0  . 9  -1.1 - 1 . 4  6 . J  
2 2 7  11.357 0 . 0 5 7  4u.6 3 5 1 . 3  1 2 . 9  1 . 6  - 1 . 4  -1.7 6 . 4  - 3 . 0  - 9 . 7  - 9 . 7  - 0 . 3  0 . 0  - 1 . 6  2 . 1  
2 2 8  0 . 3 1 7  f l . 2 0 Q  4 6 . 6  7 9 3 . 3  1 1 . 6  0 . 5  - 7 . 6  1.6 9 . 3  -0 - 7  5 3 . 5  2 7  L .  3 4 .2  1 . 4  4 . 3  7.6  
-. 2 2 9  _ n . 2 1 7  n . 1 5 0  9 2 . 5  16.2 8 . 0  ---0.3 :5.e 1.0 7.3 0.3 16.2 16.2 - 1 . 3  -1.5 - 1 . n  5 .8  
2 3 0  0 .075  0.29t?p-- -  58.4 ~~ 239.0 2 . p  5 . 6  - 9 . 0  5 i - C  7 .7  0 . 8 ~ -  -1.0 -31.0 0.5 - 1 . 7  4 . r  10.6 
2 3 1  0 . 4 7 1  0 . 1 3 9  3 4 4 . 1  2 4 1 . 8  1 7 . 3  -4.6 1.3 n.9 k . 7  0.6 1.8 - 2 8 . 2  1.6 0 . 9  -1.8 4 .8  
2 3 2  n . 1 3 7  n . 1 4 5  7 7 9 . ~  2 4 . 5  5.0 - 7 . 4  4 . 0  1 . 4  7 .7  -0.1 7 4 . 5 ~  2 4 . 5  1 . 9  - 0 . 9  - n . z  5.3  
233 0 . 3 7 7  n . 4 3 0  79.4 3 0 7 . 1  1 3 . 8  4 . 0  -15 .4  -1.6 4.7  -1 .5  - 5 2 . 9  3 7 . 1  1 . 3  0 . 1  n .5  1 5 . 9  
9 . 2  0 . 0  - 4 . 6  q . 2  2 3 4  0 . 7 3 1  0.2511 7 4 1 . 0  9 . 6  7 8 . 6  - 4 . 4  4.0 - 3 . 7  1 4 . 4  2.5 9.6 9 .6  
2 3 5  0 .0-57 .  1 . 4 9 7  . b.4 
2 3 6  n . 0 9 0  '1.169 91.R 
_ 2 3 7  ~ ~ ~ 0 5 7 -  . n,15c - ~ 3  7. i 
2 3 e  n . 8 2 6  0 . 3 9 6  142.3  
2 3 9  (1.336 f l . 209  1'17.5 
2 4 0  f l . 153  0 . 2 9 Q  7 2 . 5  
2 4 5  0 . 4 0 9  0 . 1 1 4  1 3 6 . 7  
246 n . 3 5 3  0 . 3 6 n  191.3 
7 1 7 . 1  
1 9 4 . 4  
,516.7 
71R.Y 
2 6 1 . 1  
8 3 . 1  
4 5 . 1  
1 4 7 . 0  
28.9 
717.S 
1 5 3 . 9  
7 3 5 . 4  
9 6 . 8  
517.6 
2 . 1  15Ll -2 .0  -1.2 
2 . 3  - 4 . ?  . -  -3 .9  ~ 3 . 4  
3.3 -O.? - 5 . 9  3 . 1  
3 0 . 2  i l j - . 5  -3.9 - 0 . 7  
1 4 . 5  - 7 . 7  - 7 . 3  - 2 . 1  
5 .6  9 . 7  - 5 . 9  - 0 . A  
1 9 . 0  -0.5 ~ 3 . 7  7 . 7  
3 . 6  - 1 . 6  - 2 . 6  2 . 5  
9 .0  7." 6.3 ~-1.5 
1 3 . 2  3.0 -2.6 3 . 5  
1 5 . 0  - 3 . n  - 7 . 9  - 3 . ~  
1 3 . 3  - 1 3 . 7  0 . 3  . .  
9 . 2  ~ - - 9 . 7  0.9 --  0 . 0  
3 .8  - 0 . 3 ~  -0.~1 1.7 . -  
1 q . n  - 0 . 5  
1.0 1 . R  
y . 5  - 2 . 4  
9 . 7  - 1 . P  
7 .4  -0 .6  
11.A - 0 . 7  
?.R -1.6 
1 7 . 4  3 .5  
13.7 0.5  
7 . 6  - 2 . 4  
n.4 0 . 1  
2.0 2.0 
a.4 - 3 . 9  
7 .3  -2 .5  
- 2 7 . 9  3 2 . 1  
- 4 5 . 6  1 4 . 4  
- 4 3 . 3  - 4 3 . 3  
- 2 1 . 1  3 8 . 9  
? 1 . 1  - 8 . 9  
- 3 6 . 9  - 6 . 9  
4 5 . 1  - 4 4 . 9  
28.9 2 8 . 9  
5'1.6 - 3 9 . 4  
- 2 7 . 7  3 2 . 3  
3 3 . 9  - 2 6 . 1  
-4 .6  - 3 4 . 6  
-13.P 6.8 
2 7 . 0  - 3 3 . 0  
-2 .2  4 . 8  
2 . 3  - 1 . 7  
- 1 . b  4 . 9  
1 . 0  - 4 . 5  
3 . 6  0 . 1  
- 4 . 3  - O . R  
-3 .6  0 .9  
- 5 . 9  - 1 . 7  
2 . 6  - 1 . 4  
0 . 2  1 . 5  
- 3 . 2  0 . 1  
0 . 1  1.5 
3 .4  - 1 . 5  
-2.0 - 1 . 7  
- 0 . 3  1 8 . 2  
--n - 5 .9  
7.2 5 . 7  
- n . 5  1 4 . 5  
3 .0  7 .6  
- 7 . 4  1 0.9 
-11.6 3 .8  
1.1 3.0 
- n . O  h .6  
- n . B  3.2 
- 7 . 8  4.2  
- 1 . 0  9.3  
7 . J  1 5 . 7  
3 . 1  0.2 
249 n . 5 3 8  n .206  74 .6  9u.2 1 9 . 7  z . n  - 7 . 3  - n . i  n . n  - 2 , 9  - 2 1 . 8  8 .2  - 0 . 9  0 . 9  - 7 . 3  7.5  
2 5 0  fl.T57 0.277 3 1 8 . 9  2 3 9 . 4  5 .9  6 . 3  4 . 4  0.3 u . n  2.9 - 0 . 6  - 3 0 . 6  -n .6  - 0 . 9  - t .3 8.2 
2 5 1  0 . 4 1 5  0 .U47 1 6 3 . 1  16n.h 1 5 . 2  - 1 . 5  - 0 . 4  -4.R l n . 3  0 .9  4 0 . 6  - 1 9 . 4  - 1 . 2  0 . 1  - 1 . 5  1.5 
2 5 2  n . 9 3 4  0 . 4 5 5  3 ? 7 . 2  ~ 2 1 . 0  3 4 . 2  1 4 . n  9 . 0  7 . 1  d .1  - 1 . n  - 1 8 . 2  4 1 . 8  -2 - 9  - 5 . 0  -1.6 1 6 . 6  
- 1 5 3  -,077 0 . 0 4 7  91.3- ~ 62-.! - 2 . 8  -8.>--~-1,7- - 7 . 7  2 . 0  1 . 9  - 5 7 . 2  - 2 7 . 2  2.7 4 .4  - 1 . 5  1 . 7  
2 5 4  0.106 n . 2 4 1 5 7 3  43.8 3 .9  - A . R  - n . 7  1.7 4.6 - 1 . 4  4 3 . 8  43.a -0 .5  -1.8 ~ ~ - 6 i - c -  ~ - , a  
2 5 5  0 .077 -9.231_219.2 
2 5 6  0 . 9 3 1  0.031 7 7 3 . n  
2 5 7  0 . 4 1 4  n . 3 1 7  1 8 6 . 7  
2 5 8  0 . 1 5 1  0 . 6 9 1  1 1 0 . 4  
2 6 0  fl.lO.3 11.137 1 5 7 . 5  
2 5 9  f l .536  n . t 5 r  3 5 4 . 0  __ 
2 6 1  0 . 2 5 0  0 * ? 5 7  U.9 _ _  
2 6 2  0 . 3 5 1 7 1 3 9  1 2 4 . 7  
1 6 4 . 6  2.8 - 6 . 5  5 . 3  1 . 7  
65 .5  f4-.1 - - - - 0 . R  E . 8 -  - 7 . 7  
106.2  1 5 . 1  - 1 1 . 5  1 . 4  2.9 
7 8 6 . 8  5 .9  - P . R  -7.3.7 - 7  . .  5 
22u.3 9-.2 9.'- - 0 . 1  3 ' 9  
248.7 13.2 - 2 . 7  -4 .0  1.1 
1.4  
1 . p  
6 . 7  1 . 7  -13.9 1 6 . 2  0 . 3  - 0 . 1  1 . 3  11 .6  
6.8 1 . 7  -1.1 - 6 . 8  ' 5  .!. J 1.5 46.A 1 4.7  
7.5 
2.4 
(1 .3  
0 . 2  4 4 . 6  - 1 5 . 4  
1 . 1  - 5 4 . 5  - 2 4 . 5  
3 . h  4 .2  1 . 5  A.4 
- 1 . 6  - 5 . b  z l . 8  1.1 
0.6 7 .4  -22 .6  
- 0 . 7  -r2*1 - 1 2 . 1  
7 .7  --;1.7 - 4 1 . 7  
0 . 1  R . 7  - 2 1 . 3  
1 . 4  0.6 - 9 . 1 - ~ 5 . 5  
u . - r - - z . o  -1.3 4.7- - 
-. - 0 . 5  - 1 . 8  - 1 . 4  9 .4  
-~. i - -  1.1 - 7 . 2  4 .8  
2 6 3  0 . 4 9 6  0 . 1 6 1  7 n 7 . 5  4 u . 9  1 4 . 9  - 5 . 3  2 .7  1 . 9  3 .7  2 .9  4 8 . 9  - 4 1 . 1  1.6 -0.3 4.3  5 .9  
2 6 4  0.35R 0 . 0 1 1  2 5 0 . 7  3 4 9 . 1  13.1 - 0 . 1  U.4 - 0 . 8  5 . 4  -1.5 - 1 O . Y  - 1 0 . 9  - 2 . 4  1.1 n.6 0.4 
2 6 5  0.245 -0~276 7 5 3 - . ~  6 9 . 2  9.0 -%:!_ 1 3 ; ~  - - - i , 4  i . n  -0.4 - 5 0 . 8  - 2 0 . 8  0 . 4  -2.0 -7.0 1 3 . 7  
,-E- 
2 6 8  o . l S 1  n . 3 0 4 - - 7 7 . 7  6 9 . 1  5 .5  1 0 . 3  - 4 . 3  - 1 . 7  P . 6  -1.0 =50-.9 -20.9 5.8 -i.T--;f;b -~~ll.i 
- 2 6 6  0 . 0 3 7  0 . 0 4 3  7 7 6 . 8  2 8 9 . 2  3.5  - 1 . 4  1.1 0.7 1.1 -6.1- --4T'.2 1 9 . 2  2.4 ~ - - - 2 . 3  q .5  
2 b 7  c.517 . 0.281  -~ 1 I Y . R  2 8 9 . 2  18.8 - 7 . 9  - - - - 6 . 6 - - .  - 1 . 6  3.3, -0.2 4 9 . 2  1 9 . 2  4 . 5  n.4 9 . 3  1 0 . 3  
2 6 9  c . 3 3 7  n . 0 7 4  7 7 5 . 5  . 3 4 ~ . 9  1 4 . 4  -1.9 1 . 9  1 .2  1.6 - 3 . 4  -11.1 -11.1 3.5  - 0 . 5  - 7 . 4  2 .7  
2 7 0  0 . 8 1 3  r1.027 28.7 49 .6  2 9 . 7  n.7  - 0 . 4  0.4 6 .7  0 .9  4 8 . 6  - 4 1 . 4  1 . 5  4 .5  - 7 . 9  0 . U  
CASE V Y  UH CSA P H l o  V V  VU V Z  THETA G A M M A  P S I  P H I  3 P H I  4 W X  WY U Z  V H T  
NO. E A ?  BAR n E G  DFG IN/SEC I N I S E C  IhlISEC DEG "FG-DEG DEG D E G  DEG/S OFG/S n E R / S  Ihl/SF(r 
2 7 7  n . 4 5 5  0 .185 45 .1  64 .4  17 .0  . 4 . 8  - 4 . 8  -0 .7  1 5 . n  3.7 - 5 5 . 6  -25.6 -1 .9  - 0 . 1 ,  4.6 6.8 
2 7 8  0.077 0.156 2 4 7 . 2  163.5 2.6 -7 .7  5.3 -1 .0  5.3 1.1 43.5  - 1 6 . 5  - 2 . 7  -3.3 - 4 . 5  5 . 7  
2 7 6  0 . 1 3 4  n.o3:, 1 6 2 . 9  1 0 5 . 2  4 .9  -1.1 -0.3 1.7 p . 2  -2.4 -14 .8  15 .2  - 2 . 1  - 1 . 9  1.8 1.2 
2 7 9  0.213 0.37n 49.2  47.5 7.8 7 .7  -8 .9  0.8 5.7 -0 .9  4 2 . 5  42.5  4.9 -3.0 - 5 . 0  1 1.7 
280 0.311 n . 1 5 ~  171.1 6 1 . 4  11.0 - 5 . 7  - 0 . 9  -0.6 1 2 . 7  2 , i  -58.6 -28.6 1.1 0.3 7 . 6  5.8 
2 8 1  0 . 3 4 7  0 . 1 9 0  353.0  220.3 1 2 . 7  - 2 . 0  6 .7  0.0 7 . 0  - 1 . 3 - 1 9 . 7  4 0.3 - 1 . 9  -1 .1  1 . 2  7.0 
2 8 2  0.303 0 . 0 3 6  3 9 4 . ~  1 5 9 . 1  11.1 0.6 1.2  -4 .5  1 o . n  0.2 3 9 . 1  - 2 0 . 9  1 . 5  0.2 - 1 . 3  1.3 
283 0 . 2 0 n  (1.529 296.5 237.0 7.3  8 .6  1 7 . 3  2.7 3.4 1.7 -2 .2  -32.2 - 3  . 9 - .  3 . 8  1 9.4  
2 0 4  0 . 0 5 0  n . 0 6 5  758.1 96,4 1.8 -0.5 2.3 - 1 . 7  2~18-p1.7 -23.6 6.4 - 1 . 2  - 4 . 2  -1 .6  2.4 
2 ; T -  2 8 5  0.417 Os337 179.7  9 4 . 9  1 5 . 3  - 1 2 . 7  -0.1 2.3 6.7 1.4  r 6  - 2  s 1. 
206  0 . 1 0 3  0.3-67 61.1 2332-4 .  3.8 6 . 4  - 1 1 . 6  3.0 --!-an 0.6 - 6 . 6  -36.6 - 0 . 1  -2.8 ?.3 13.3- 
20R 0.589 0 . 0 3 n  6 J . 9  210.-1 21.6  0.6 -1.3 -1 .5  1 2 . 4  3.9 -29.9 3 0 . 1  -2.2 2.3 3 . 1  1.4 
289 1.145 0.088 1 8 5 . 1  48.3 41.9 -3 .7  0.3 -0.2 8 . ~  - 0 . 1  4 8 . 3  - 4 1 . 7  3.4 1 . 4  1.8 3.2 
290  0 . 0 1 L 0 . 3 h _ 7  ,2553 25,5 0.6 ~ -0.9 1 3 . 4  -3.0 0.2 2.5 ~ 2 6 . 5  2 6 . 5  -0.1 7.9  n.0 1 3 . 4  
. - 0 . 6  n .  
2 8 7  0.318 o . 0 8 ~  762.5 157.8 i 1 : T p - n . 4  3.2 - 0 . b  7.9 -o;B--ji.a -28.2 -0.7 -1.6 3.3 3.2 
2 9 1  i . 0 i f l  0 . 3 3 ~  3 0 7 . 3  144.5  37.0 7 . 5  ' 9.8 -2 .9  7 .7  -1.8 24.5  -35.5 T 4  1 . 3  - x r 1 2 : r  
2 9 2  0 . 5 4 6  0 . 0 6 7  30-€1~3- 42.5- 2 0 . 0 - 1 . 5  1.9 -0 .2  - ~ J . R  - 0 . 7  42 .5  42 .5  -1 .4  1.9 1.3 2.5 
2 9 3  0.286 0.567 2 6 9 . 3  8n .5  1 0 . 5  -0.3 70.8 -1.4 1.5 -0.3 - 3 9 . 5  - 9 . 5  0 . 4  -2.1 -3.3 2 0.8 
2 9 4  0.071 n . 0 3 ~  1 9 0 . 1  258.3  2.6 -1 .4  0.2 -0.4 1 6 . 4  -0 .6  16 .3  - 1 1 . 7  1 . 3  -4.1 - 0 . 5  1.4 
2 9 5  0 .351 0.195 70.9 216.1 1 2 . 9  2 . 3  -6 .8  4.4 1 . 7  -1 .4  - 2 3 . 9  3 6 . 1  1 .5  -1 .4  n.9 7 . 1  
-__- 
2 9 6  1 . 1 0 1  n .167 3 7 1 . 6 - 3 1 3 1 7  40.3--- 0.7 6.0 3.!--.p.6 . . 3 * 9 -  - 4 6 . 3  43 .7  0.9 4.0 1 . 5  6.0 
2 9 7  0.147 0.335 72.2 1 9 1 . 3  5.2 3 . 8  - 1 1 . 7  -1 .2  8.3 0.5 - 4 0 . 7  1 1 . 3  - 0 . 5  4 . 3  1 . 4  1 2 7  
2 9 8  0 .225  n e 1 6 7  *2,7 2OR.9 8.2 -*.A 1.3 5.6 1.7  -2.2-:31-11 28.9  -3.2 -1.1 n.4 5.9 
2 9 9  0.257 0 . 1 9 1  773.2 6.3 9.2 0 . 4  7 . 1  -2.4 11.6 0 * 1  6 . 3  6.3 1 . 4  - 2 . 9  -1.-3----7,-1- 
300 0.214 n . 0 3 7  313.6 3 0 3 . 7  7 .8  0 . 9  1.0 0 . 6  0 . 1  1 . 7  - 5 6 . 3  3 3 . 7  -2.6 -1.2 4.9  1 . 3  
301 0 . 1 2 7  0 . 5 2 7  3 1 3 . 9  21 .0  4.5 13.4 1 3 . 9  0.0 5 . 5  4 . 1  21.0 2 1 . 0  0.1 3 . 4  - n . o  1 9 . 3  
3 0 2  0 .799 0 . 0 6 4  2 7 4 . 1  2-38.. 29.2 0.7 2.3 1 ~ 6 - 4 . 7  ~ . - 3 . 4  -1.8 -31.8 2.0 2.8 3 . 8  2 . 4  
303 0 . 2 9 5  n . 3 2 K  1 9 4 . 2  235.3  10.8 -11.5 2.9 '-0.2 9.5 -579- -4 .7  - 3 4 . 7  3 .5  - 2 T F . T i T  
3 0 4  0.001 0 . 3 5 1  74.3 ~ c?.:4 _o.ip~ 3.5 -12.3 0.1 . 4.9 - - Z . t 1 2 2 . 4  12 .4  3.9 4 . 1  - n . 5  12.0 
3 0 5  0.216 0.084 7 7 4 . 3  289.4  7.9 0 . 7  3.0 3 . 6  6 .n  0 1 4  4 9 3 - 1 9 . 4  2.6 -4 .2  n . i  3.1- 
306 0.375 0 . 0 3 7  7 4 . 2  J4h.3 1 4 . 5  0.7 -1.2 1.7  Q.8 -1 .7  - 1 3 . 7  -13.7 0 .9  0 . 5  -0.0 1 . 2  
308 0.639 0 . 3 3 ~  273.8 159.8 23 .4  0.9 1 2 . 3  o.7-7,n -2.4 3 9 . 8  -20.2 3.4 2.0 - 3 . 2  1 2 . 4  
3 0 9  0.537 0,306 313.4  276.5  19.6 7.7 8 . 1  0.7 1 0 . 7 - 0 . 5 -  36 .  1. 
3 1 0  0 . 3 %  0 . 0 5 9  313.n 1 7 3 . 1  13,O 1 . 4  1.6 -3.8- ;1!9- 0.4 5 3 . 1  -6 .9  1.6 0.1 -1.5 2 . 1  
313 0 . 2 2 4  0 . 1 7 6  71.4 3 4 7 . 4  8.2 2 . 1  - 6 . 1  0 . 2  3.0 -0.5 - 1 7 . 6  - 1 7 . 6  -3.3 - 4 . 4  -2.1 6.4  
3 1 4  0 . 5 2 6  n .145 2 7 0 . 7  78.7 19.3 0.1 5.3 -0.1- i 7 . n  -1 .9  -41.3 -11.3 -5 .5  1 . 2  - 1 . 3  5 .3  
3 0 7  0 .559 0.087 1 9 4 . 0  183.1 20.8 -2 .9  0.7 -3.9 14.R 1.1 - 5 6 . 9  3.1 -1 .3 -0 .2  -0 .9  3.0 
311  n .177 0 . 4 4 1  272.6 209.6 6.5 0.7 16.1 1 . 8  7.9 0 7 3 0 . 4  2 9.6 6 3 -  
312 0.783 0 . 0 2 6  1 9 2 . 0  26.0 28.6 -0.9 0.2 4 . 0  1.3 0.5 26.0  26.0 -3 .6  2 .5  -5.3 1 .0  
~~ 
3 1 5  0.026 0.207 69 .9  3 1 4 . 9  0.9 3 . 6  -9.9 1 . 8  12.1 1.6 - 4 5 . 1  44.9 2.5 1 . 3  - 1 . 5  T O 7  
3 1 6  0 .115 n . 1 4 7  149,O 331.0 --4.2 - 5 . 1  0.8 0 . 2  2.5->1 - 2 9 . 0  -29.0 0 . 0  - 3 . 7  -2.8 5.2 
3 1 7  0 .157 0.16Q 368.0  127.0 5.0 - 0 . 2  6 .2  0.8 2 O . 2  1.0 7.0 37 .0  -3.8 3.1  7.5 6.2 
318 0 .101 n . 0 1 5  3'17.0 63.0 3.7 0.7 0.4 -2.1 1.6 4.2 -57.0 -27.0 0.3 -4 .4  s . 3  0.5 
3 1 9  1.19h 0 . 3 7 7  315.9 138.9  43.4 8.n 11.1 -3.7 7.3 -2.0 1 6 . 9  -41.1 3.4 0.8 - 3 . 9  1 3 . 6  
3 2 0  0 . 4 3 2  0 .045 764,7--35417_15,_8 - 0 . 2  1.6 - 1 . L _ _ - 6 . 2 - ~ 1 * 6  -5.3 -5.3 -3.0 0.5 -n.O 1.7 
322 0.525 0.279-_6-c*A~ 1 2 6 . i -  19,2 Q-fl - 9 . 0  i - 2 . 1  5,3-1-4!7 -1.5 6 . 1  3 6 . 1  1.0 7.6  10,2 
323 0.037 0.06? 260.7 41.7 3.4 -0 .4  2 . 2  ' - 0 . 1  7 . 6  1.3 41.7  41.7 - 2 . 4  2.0 -7.R 2.3- 
321, 0 . 1 5 4  n .264 1 9 3 . 5  3 5 0 . 4  6.0 - 9 . 7  0 . 6  4.n 1 3 . 5  -1 .9  -9 .6  - 9 . 6  - 1 . 7  3.8 2 . 3  9 7  
3 2 4  n .23n  o . o n 7  5 9 . 2  97 .2  8.4 0 . 0  -0.0 -1.0 1.8 - 0 ~ 7  -22.8 7.2 6 . 4  -1.6 - 4 . 3  0.0 
3 2 5  0.326 0.05Q 1 7 7 . 6  2 9 7 . 6  1 1 . 9  - 7 . 1  - 0 . 1  0 .1  0 . 4  2.2 52.6 2 2.6 1.2 - 2 . 5  3.8 2 .1  
-__-____- 326 0.354 0.26!.-?56.-?. 2 6 7 . ~ 9  13.0- -2.5 9 . 2  -2, .~ 2-.9 - -1.: 27.9  - 2 . 1  -1.9---0-,2 1 . 2  9.5  
3 2 9  0.036 0 . 3 0 n  250.6 3 1 3 . 5  1.3 -3 .7  1 0 . 4  -1.1 3.8 1 . 5  - 4 6 . 5  43.5  - 1 . 4  1.1 -1.8 11.0 
3 2 7  0.303 0.237 2 9 4 . 3  23.2 11.1 3 . 6  7.9 -2 .2  14.9 0.7 23.2  23.2 1 . 5  - 2 . 9  - 1 . 4 8 7 -  
328 0.195 0.031 2 9 2 . 4 - _ 2 7 3 * 4  .~ 7.1 0.4 1 . 0  0.1->7-,7__ 1.2 38 .4  8.4 - 2 4 2  - 4 . 2  7 .6  1.1 
330 0.392 0.491 1 6 8 . 6  ,128.5 1 4 . 4  - 1 7 . 6  -3 .6  -0.2 2 . 0  1.2 8.5 38 .5  -0.5 0 . 0  fl.4 18.0 
C A S E ~  v v  V "  cs_a--P-!u_lo -VV-- VI4 V z  THETA-  G b M M A .  P s I ~ - f H I : ~ 3  P H 1 ~ 4  UY W X  W 7  VHT- 
NO. E A 9  3 A R  O E G  D E G  IY/SEC INISFC I N / S E C  D E G  n E G  D F G  @ E G  D F O  n E G / S  n FG/S O E 9 / S  IY/SEC 
3 3 1  0 . 0 9 4  0 . 1 3 6  4 6 . 5  8 3 . 4  3 . 1  3 . 4  - 3 . 6  - 4 . 6  7.U 0.3 - 3 6 . 6  -6.6 - 0 . 4  1 . 7  1 . 9  5 . 0  
3 3 2  0.236 n e 1 0 9  2 4 4 . 4  1 7 8 . 3  1 0 . 5  - 1 . 7  3 . 6  3 . 4  19.7 -1.1 5 8 . 3  - 1 . 7  -1.1 -1.1 7 . 6  4 . 0  
3 3 3  0.511 f l .217 4 2 . 2  5 3 . 1  1 8 . 7  5 . 8  -5.2 -1.1 1 6 . 3  2 . 7  53..1 - 3 6 . 9  - 2 . 9  - 1 . 0  7 . 4  7 . 8  
3 3 5  0 . 9 3 0  ~ 0 . 1 2 5  2 3 7 . 6  2 2 7 . 5  3 4 . 0  - 7 . 4  3-1_9--2,5- fl._R -1.8- - 1 7 . 5  4 _ 2 _ . 5 - 0 1 7  0 . 3  - ? . 6  4.6  
3 3 6  n .694  0 . 3 8 4  2 7 5 . 2  1 5 7 . 0  25 .4  1 .3  1 4 . 0  0 . 5  7.1 - 2 . 7  3 7 . b  - 2 3 . 0  2.4 -T. -F .  - 4 . 4  1 4 . 1  
3 3 4  0 . 7 8 5  0 . 1 0 4  160.0 6 7 . 8  28.7 - 3 . 6  - 1 . 3  -5.6 3.1 - 0 1 4  -52.2 -22.2 2 . 5  1.9 i . 2  3.8 
3 3 7  0 . 4 3 3  n .257  772 .7  2 3 1 . 5  1 5 . 8  0.4 9 . 2  - 0 . 0  n . 7  -1 .3  -8.5 - 3 8 . 5  -2 .3  -1.6 n.5 9 . 2  
3 3 8  0 . 2 2 7  0 . 7 6 7  2 3 0 . 1  8 5 . 9  8.1 - 1 7 . 9  21.4 1 . 4  6 . 9  - 0 . 9  - 3 4 . 1  - 4 . 1  - 0 . 4  - 2 . 0  7 .  7 .  
7 . 1  
-o,3 _5;:6-3!.6 - 0 . 1  -0.6 fl.5 0 . 6  
3 . 8 - - T 3  -P1.5 
341-_02>?0.  0.U17 271.8  12855- 2ZL7-_-O.5 0 .4  2,!3RIP 1 . 9  
3 4 2  0 . 0 5 7  0 . 3 1 5  1 6 . 9  1 8 2 . 7  2 . 5  1 0 . 9  - 3 . 7  1 . 3  2 . 3  
3 4 4  n.151 0 . 1 7 7  712.9 3 5 0 . 7  5 . 9  - 5 . 4  3 . 5  0 . 3  3 . 7  -0 ,8  - 9 . 3  - 9 . 3  0 . 2  - 3 . 6  - 7 . 9  6 .5 ,  
__ ~ 
277 .-----=.. 6  
3 4 3  0.143 n . o o q  1 3 5 . 9  1 6 . 7  5 . 2  - 0 . 2  -0.2 3 . 5  1 . 9  3 . 5  i 6 , 7  1 6 . 7  4 .h  2 . 4  - n . ?  0 . 3  
3 4 5  0.123-~-.167 2 4 9 . 2  1 0 4 . 5  
f46p07017 0 .391  7 4 6 . 5  358.x- 
-~ 3 4 7  0 .465  0 . 1 9 7  , 2 0 3 . 2  3 7 . 0  
3 4 % - - - 6 . 1 7 7  0 . 2 6 4  119 .9-705.6- . -  
3 4 9  0 .550  0.087 3 5 6 . 4  1 5 9 . 2  
350  0 . 0 9 9  0 . 0 5 9  1 9 2 . 9  257.6 
351 0 . 2 3 4  0 . 1 3 9  3 4 9 . 3  1 2 6 . 0  -~ - 
3 5 2  0 . 3 2 6  0.053 1 0 5 . 6  1 3 9 . 3  
3 5 3  0 . 3 5 1  0 . 0 7 0  181.A -2-92.6 
355 0.196 0 . 1 5 R  2 1 4 . 1  29U.8 
3 5 7  - 0.35R 0 . 1 1 4  86.0-144.7 
3 5 8  0.056 O a l l R  3 2 1 . 9  2 7 7 . 5 . -  
-354-0 .296  0 . 2 2 0  216.11 2 2 5 . 7  
3 5 6  n . 0 1 9  0 .269 1 7 0 . 1  151.8 
4 . 5 -  -2.1 5.6- 0 . 3  1 7 . 7  
1 6 . 9  - h . h  2 . 8  1.1 4 . 0  
6 . 5  - 4 . R  - 8 . 4  2.3 2 .7  
0.4 - 5 . 7  2 3 . 1  3 . 3  2 1 . u  
20.1 3 . 0  0.2 - 0 . 4  7 . 9  
3 . 6  -7.1. 0 .5  - 0 . 7  2n  . h  
8 . 5  5 . n  0 . 9  1.1 16 .5  
11.9---0.5 --:1*a- ---n.5 3 .1  
12 .8  - 2 . 6  1.1 0 . 0  0.7 
10.8 - h . 3  4 . 9  5 . 6  2.1 
-- 
6 .8  - 4 . 8  3 . 2  2 .7  a.1 
0.7  - 9 . 7  -1 .7  - 2 . 1  6 . 7  
2 . 4  3 . 4  2 . 7  2 . 1  6 . 6  
9 . 6 -  - 1 n . 0 -  _ - ~ y + l - -  ~ 1.1 7 . 9  
16.8 4 . 6  4 . 8  -2.5 - 1 . 9  
w, 5---_! :?_--:4* 2. 1 * 1 5 . 3  
~ .~ 
5 . 9  2 . 0  2.1 6 . 0  
2 . 1  32.0  32.0 0 . 4  -1.6 1 . 6  7.2 
~ - ~ ~ ~ ~ - - ~ ~ + ~  -15.6 l . 3 ~ -  - - 3 . 3 - 5 . b  -v;7- 
0 . 7  3 9 . 2  - 2 0 . 8  1 . 4  -1.1 - 7 . 2  3.0 
0 .  1 -0.8 12.6 - 1 7 . 4  4 . 6  -1.5 2 . 1  
3 . 6  6 . 0  3 6 . 0  - 0 . 7  4 . 7  -1.8 5.1 
-0.7 ~ 19.3 .-40.7 - 4 . 0  -1;b - 3 . J  1 .v- 
2.1 5 2 . 6  2 7 . 6  1 . 0  -3.0 7 . 9  2 .6  
- 2 . 2  --ic.J - 4 4 . 3  - 3 . 6  - 1 . 4  ---=,i:i--- 8 . 0  - 
-1.1 58.8 28 .8  - 0 . 4  2.9 - 6 . 1  5 .8  
-0 .8 3i .n  - 2 8 . 2  1 . 2  2 . 4  - n . 5  9 . 8  
-1.1 2 4 . 7  - 3 5 . 3  2.2 - 2 . 9  7 . 6  4.2 
- 2 . 3 - 3 T . 3  7.5 2 .3  3 . 0  - 7 . 7 - -  4;3 
2 .1  - 4 9 . 7  1 0 . 3  1 . 5  5 . 7  - 6 . 5  10.8 
-0 .7-  3 . 0  - 2 7 . 0  -0.1 - - o . I  4 . 6 . .  6 ; 7  
-1;2-- 7 . 5  - 4 . 4  iu;s 
3 6 1  0.651. 0 .276  6 8 . 9  7 5 . 6  2 4 . 2  3 . 6  - 9 . 4  -0.9 P . 4  3 . 6  - 4 4 . 4  - 1 4 . 4  -2.6 - 0 . 9  3 . 4  1 0 . 1  
3 6 2  0 . 7 2 h  n . 1 0 7  1 4 4 . 5  4 8 . 1  2 6 . 6  - 3 . n  - 2 . 2  2 . 9  2 . R  -0 .8 4 8 . 1  - 4 1 . 9  1. I 1.1 4 . 4  3 . 1  
.- 3 6 3 -  0 . 5 7 9  0 . 0 9 Q  1 7 9 . 9  16f l .6  2 1 . 2  - 3 . 3  -0.0-2.9 1 4 . 0  0.6 . -  -- 4 0 . 6  - 1 9 . 4  - 2 . 4  -1.3 - 7 . 4  3 . 3  
3 6 4  0 . 3 7 7  0 .204  1 7 5 . 3  5 7 . 9  1 3 . 6  - 7 . 4  -0.6 - 1 C T T , 4 -  1.6 5 2 q T - ' Z l  - - - 0 . 2  - 0 . 9  1.5 - 7.5- 
3 6 5  0 . 1 9 1  0.117 130.6__ 8 5 . 2  6 , 6  - 2 . 7  - 3 . 1  -:-.I 3 . 5  2.0 - 3 4 . 8  - 4 . 8  1 . 9  2 . 5  - 3 . 3  4 . 1  
3 6 6  0 . 7 7 1 - 4 n ; R  2 5 7 . 4  28.2 3 . 8  - 3 . 9  -1.6 1 . 7  1 . 6  1 7 . 4  -12.6 3.2 --l.i7T;F 
3 6 7  0 . 2 1 5  0.011 291.0 209.6  7 . 9  0.1 0 . 4  1 . 4  3 . 4  0.6 - 3 0 . 4  2 9 . 6  3 . 3  3 . 2  0 . 7  0 . 4  
3 6 9  1 .65f l  0 .065  271$.l--l73.6 6 0 . 4  0 . 0  2.4  - 4 . 3  1 2 : 5  3 . 2  z 3 . 6  - 6 . 4  0 . 5  - 0 : ;  1.0 'z:: 1.0 1 4  1 - 0  3 6 8  0 . 4 9 0  0 . 4 2 6  1 1 6 . 0  3 0 1 . 6  1 7  e9 - 6 . 8  - 1 4 . 0  . 8  - 8.4 31 . 6  I L. - n  1 . 2  
3 7 0  0.099 n.374 7 4 . 9  T%T!-- 3- .3 1 2 . 3  - 6 . 0  1;7 2 . 5  - 0 . 5  X g . 5  5.5 -T ;8  3 .2  - n . i  13.1 
3 7 1  0 . 1 0 5  0 .517  100.8 i 6 q , i ~  1 3 7 . 3  _. 3 . 8  -3 .5  - 1 8 . 4  1 . 9  2 1 . 2  1 . 9  - 2 2 . 7  - 2 2 . 7  2.4 1.1 - 7 . 0  1 8 . 7  
3 7 2  0 . 0 5 3  0 . 1 1 ~  1 3 5 . 5  2 . 3  - 3 . 1  - 3 . 0  -1.T.- 1 7 4 -  -2 .4 -~ -79 .1  -0.9-- - 1 . 7  2 .5  7 . 9  4 . 3  
3 7 3  0 . 7 4 7  0 . 0 7 6  130.2 3 4 0 . 8  2 7 . 1  -1.8 - 2 . 1  -1 .7  ~ . 7  -1.3 - 1 9 . 2  - 1 9 . 2  0 . 7  - 0 . 9  -0.8 2.8 
3 7 4  0 . 3 5 0  0 . 1 4 1  8 4 . 8  1 9 2 . 4  12.8 0 .5  - 5 . 2  -0.2 5 . 5  -1.0 - 4 7 . 6  i 2 . 4  2 . 6  - 1 . 3  7 . 2  5 . 2  
3 7 5  p . 1 0 0  . - - n r O - 3 e J 5 9 - 3 ~  1 8 3 . 9  4 . 0  . - . i . 4  0.0 - - 2 . 4  11.1 - 1 . 3  -56.1 3 . 9  4 . 5  1.0 - 7 . 8  1.4  
3 7 6  0 . 3 9 7  n . 0 4 1  2 3 3 . ~  3 1 5 . 3  1 4 . 5  - 0 . 9  1.2 -7 .0  5 . 4  -2.0--:4~.7 - 4 4 . 7  ~ 4 . ~ f - - ' n ; 9  - 1 . 7  1 .F- 
3 7 8  0.153 n . 0 8 ~  2 7 2 . 4  2 7 7 . 9  5 . 6  --?.4 2.2 -0.5 n.9 -0.5 3 9 . 9  7.5, 1.0 5 . 4  -1.4---3;2-- 
380 0 .241  n . o i q  5 0 . 7  8 0 . 2  8 . 9  0 . 4  - 0 . 5  -1.6 I . R  -1.1 - 3 9 . 8  -9 .8  3 . 1  - 2 . 9  3.5 0 . 7  
3 8 1  n . 1 9 7 - -  >.Ooi.-!4~.~ 191 .3  7 . 2  -.n-..? -_=? .a  - 1 . 7  9.9 0 , 3 ~ . - 4 ~ , 2  1 1 . 3  - 1 . 3  ---.?.3-n.i 0 . 0  
3 8 4  n.242 r1.059 306.5 2 8 4 . 0  8 . 9  1 . 3  1.7 - 0 . 0  0 . 3  1.j 4 4 . 0  1 4 . 0  - 7 . 3  - 3 . 1  1 . 4  2 . 2  
3 8 5  0 . 7 5 0  0.227 1 1 0 . 2  2 3 4 . 7  2 7 . 8  -8.1. 0.0 - 3 . 8  7 . 3  0.7 - 5 . 3  - 3 5 . 3  . - 6 . 5  -1.1 3 . 8  8.1 
_- 
3 7 7  . - O . O O R  fl-.151-58.i 220 .7  0 . 3  2.1  - . - - 5 . l - ~  ~ 0 . 4  6.3 1 . 7  ~ 1 3 . 3  - 4 3 . 3  2 . 9  - 0 . 1  -1.1 5.5 
3 7 9  0 . 2 2 7  f l .139  3.q6.6 109.1 8 . 3  4 . 7  2 .0  0 .6  1 4 . 7  2 . 6  - 1 0 . 9  1 9 . 1  - 1 . 3  3 . 0  -3.8 5 . 1  
3 8 2  0.096 0.09U 78 .8  8 7 . 3  3 . 5  0 . 7  - 3 . 5  0 . 4  1'1.3 lq2 - 3 7 . 7  - 7 . 7  1.1 2 . 9  - 4 7 - - 3 ; 6 -  
3 8 3  4 . 6 . 3 9 L  _0.027.--32.7 113.1 23.4 . _:0~5 .. z?-.y. 7 . 4  1.5- - -6 .9  2 3 . 1  3.3-- - 1 . 4  - f l . 4  --J-.O ~- 
386 n .153  0 . 1 7 7  1 3 . 9  3 2 5 . 3  5.6 6 . 3  - 1 . 6  3.5 9 .5  
3 8 7  0 . 2 9 3  0.356 1 5 7 . 5  1 9 5 . 9  1 0.7 - 1 2 . 7  -2.6 -1.7 n.6 
3 8 9  0.41A 9.185 354.4 356.8 1 5 . 3  6.4 0 .7  - 2 . 4  m:-9 
308 17.395 . n.ib:, 2 0 6 . 4  7 a i . o  1 4 ~ 5  1.1 5 .8  4.5 1.7 
3 9 0  0 . 3 4 ~  0 . 0 2 ~  77.7 287.2 1 2 . 7  0 . 4  - 9 . 4  0 . 3  1p.3- 
3 9 1  n .227 n.397 71 .0  557.4  8 . 1  1 3 . 4  -5.2 - n . 3  4 . 8  
3 9 2  0 . 0 5 7  n.044 3 3 4 . 2  207.6  2.3 1 . 5  0.7 1.1 3.9 
3 9 3  n .411  0 .257 247.3 1 9 7 . 7  1 5.0 - 3 . 6  8 .5  - n . R  7 .5  
3 9 4  0 . 7 5 8  0 .207  7 9 1 . 7  137.1 2 7 . 7  2 . 4  7 . 1  - q . . 3  27.5 
3 9 9  n.597 n.184 3 ? 4 . 3  1 9 6 . 7  2 1 . 3  5 . 5  4.0 - 0 . 4  6 . 4  
- 4 0 0  - 0 . 3 5 7  - 0 . 4 9 n  3 1 6 . 9  86.3 13.4  13.1 12.3 1 .6  k . 7  
PSI P H I  3 P H I  4 WX M Y  WZ VWT 
W G - F E G ,  ntr i / s  0-1 s ' l F C / S  IWTiTC 
-1.3 - 3 4 . 7  - 3 4 . 7  3.5 4.6 6 . 3  6.5 
2.1 - 4 4 . 1  15 .9  1 .3  4 . 5  4 . 4  13.0 
-0 .8  - 3 3 . 6  26 .4  - 1 . 0  -1.2 3.3 5.9 
1 . T  -3.2 - 3 7  - 5 . 7  -3 .4  0 . 2  - 6 3  ~ 
-5.8 47.2 1 7 . 2  -1.0 - 1 . 7  - 7 . 7  0.9 
-7.0 -2.6 -2.6 1 . 4  2.5 1 . 2 1 4 . 4  
-1.6 -32.4 27.6  3.9 1 . 9  -7 .9  1.6 
-2.1 - 4 2 . 5  1 7 . 1  - 4  . -  8 3.7 - 0 . 9  9.2 
3.8 - 3 7 . 3  -32 .3  - 4 . 7  2.3 11.3 _ _  9.4 
1 . 0  - - i T . 3 ~ ~ - 3 2 , - 3 - p  4 . 1  3.6 37.0 lT8 ~ 
- 
-2.0 - 3 2 . 9  -2 .9  4.7 0 . 4  -3 .7  7.6 
- 0 . 4  - 4 3 . 3  1 6.7 -0 - 8  - 2 . 1  7 . 1  6.8 
0 . 4  - 3 3 . 7  -3 .7  1.6 - 1 . 7  -1 .5  1 7 . 9  

APPENDIX B 
RANDOM NUMBER GENERATOR CONFIDENCE TEST 
0 , 0 7 9 7 3  MFAN 0 . 4 8 4 6 4 4  -~ - _ _  . 5.70 V A R I A N C E  - -  CHI g(3UqRED _ -  - 
'43s FREQ 
3 4  
4 5  
36  
33  
3 9  
4 9  
37 
17 
4 4  
-4-6- 
- -  




C H I  S Q U A R E D  l l . 5 5  V A P I A N C E  0 .  nR562  M F A k !  0 . 4 7 7 5 5 6  
C H I  ~ Q U A R E ~  ~- " , 6 5  ~ - _. V A R I A N C E  0 .aci2~sJ M F A M  0 . 4 9 4 8 7 6  
50 
F O R  R N I  7 1  l B S , F R E Q  
P A R T T T I ~ N  I 11 4 1  
P A R T T T I o N  I 91 4 5 .  
P A R T T T 1 O N  t 3 1  36 
P A R T I T I O N  I 4 1  3 5 
P A R T I T I O N  I 5 1  4 4  
P A R T T T I O N  t h !  4 3  
P A R T I T I O N  I 7 !  36  
P A R T I T I O N  f 0 1  3 9  
P A R T T T I O N  I k 1  4 1  
R A R T t T I O N  I l n l  4 0  
CHI SQUARED r,75 V A S I A N C F  0. n H 5 i  b M F A N  0 . 4 Y d 5 8 3  
F O R  9Nf 81 
P A R T ! T I o N  I 1 1  
P A R T ~ T I o N  I 2 1  
P A R T l T I O h l  3 1  
P A R T ? T I @ N  I 4 1  
P A R T l T l O N  I 5P 
P A R T I T I O N  I 61  
P A R T S T I O N  t 79 
P A R T I T I O N  f 3 1  
P A R T T T I O h l  I 9 1  
P A R T I T I O N  [ I 0 1  
C H I  s Q u A P E D  l C ' . O U  V A R !  ANCE 0. o V 1 7 0  MFAN 0.506176 
5 1  
F O R  R N 1  91 
PARTITION I 1.1 
P A R T T T I n N  I 21 
PARTITION I 31 
P A R T I T I O N  1 41 
P A R T I T I O N '  I 51 
P A R T I T I O N  I 8 1  
P A R T ~ T I o N  I 61 
P A R T ~ T I o N  f 71 
PART?T!ON ! 01 
PARTTTION Ilol 
C H I   QUAR RED tt.20 V A R  1 ANCf 0. n p 5 q 5  MFAM 0,510156 
FOR R N I I O I  O B S p F R E Q  
P A R T T T I O N I 11 46 
PA R T f T X O N  I 21 s2 
PAUT  TI ON^ 36- 
P A R T f T I n N  I 4 1  44 
P A R T T T I O ~  I 7 1  39 
PARTtTION I 61 48 
PAKTifIDh I 71 49 
PARTlTION I f i !  35 
PARTTTIOh I 31 S6 
P A R T I T I O N  m i  35 
CHI ~ Q U A P E ~  ;+e60 V A R  I ANCE 0 . 4 9 5 5 2 3  
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